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S.M,RYTOV

THE THERMAL NOISE THECRY, part 1.

(A discussion is given of the general electrodynamic theory of thermic electriedr—é
fluctuations, see Bibl. 1, and some results are given for its spplication to problen?
that are of interest in radio physics and radio technology.)

INTRODUCTION

As the sensitivity of radio receiving devices increased, greater and greater
importance was taken an by the apparatus' own noises -—-— accidental electrical
processes of various origins. One type of noise is electrical fluctuation (of
current, voltage or charge) as caused by the thermal motion of micro-charges in
the bodies, so—called thermal noises, which depend fundamentelly on the tempera-—
ture of the bodies. It is precisely these noises that determine the lowest level
of over-all.noise possible at & given temperature in the output of the receiving
device. They are therefore of interest not only where they themselves are the

object of observation, but also as the principal limit which radio technology ap~
proaches as its advances in the direction of lowing the factor of noise.

At the same time as the eezperimenta.l discover& of thermsl noises, a theory was
elaborated about them, and it is this theory that we will discuss below, It
should be noted immediately, however, that this tﬂeoz-y was adapted to thermic
electrical fluctuations n quasi-stationary zc.'uv'cuits , characterized by concentrated
impedances. It thus relates to devices in which the dimensions of 1 are extremely
small in comparison with the wave length X in the surrounding space,

Learning to use shorter and chorter wave lengths, radio technology finally

arrived at the u.h.f. range, in vwhich we are also faced with thermal noises, but

" where the premises of the quasi-stationary theory aré no longer fulfilled since

' the dimensions of the new devices are comparable tq N, Together with this, im~

| provements in receiving apparatus made it possible to pick up, in the range from -
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metar-long to centimeter-long waves,thermal electromagnetic radiations 1ssuing

from external sources., As we know, on this technical basis a new science is
developing, that of radioastronomy. The peculiar feature of radiocastronomical
apparatus is tnc fact that the very signal received by the device is a thermal
noise, while the problem consiste of measuring it on the background (actually,

below the level) of the apparatus' own noises. But regardless of the "internal® ur,
"external"” origin of thermal electrical fluctuations, we must deal with the electro—
magnetic field (in particular, the radiation field) in a range in which the applic-
ation of the quasi-stationary theory cannot be justified without special analysis.

There exists, however, another physical theory the subject of which is also
the chaotic electromagnstic field caused by the thermal fluctuations of charge
and current in the bodies. This is the classical theory of thermal radiation devel-
oped in the second balf of the 19th century and completed with Planck's hypothesis
of light quanta. Canthis theof‘y be directly applied to questions interesting
radio technology? The answer here is also negative since the classiceli theory of
thermal radiation regards the ;lectromagnetic field in terms of approximated
geometrical optics. Its laws pre-suppose that the dimensions of the bodies, the
radii of their surface curvatures, etc., are very large in comparison with the
wave length, which is entirely justified in ;.he case of many optical problems
but which is not now applicable to u.h.f.

Thus, until recentiy we had: (1) a theory of thermal electrical fluctuations
for the quasi-stationary region (1& A);(2) a theory of thermal electromagnetic
radiation for the region of geometrical optics (1 » A ); whereas in the u.h.f,
radio range, 1L~ A , i.e, neither of the aforesaid conditions is fulfilled. It
is understood that there are no grounds for assuming that the two extreme systems

are valid for explaining the intermediate area. In other words, we are in need

of a theory of thermal electrical fluctuations that is not bound up eiﬁher with
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optics. Naturally, this must be a statistical theory, but it mst rely on general
electrodynamics. i

This kind of general theory of thermal electrical fluctuations, created in %
the recent past, encompasses questions that go far beyond the limits of radio '
technology. This article has as its purpose to set forth, in brief, those results
of the said theory that can be of interest from the point of view of radio physics
and radio technology. In parts 2 and 3 we will briefly summarize the fundamentals
of the theory, whereas a number of purely physical and at times quite complex
problems, which had to be dealt with in our jinitial work on this theme (Bibl.l),
are omitted here.
1. ELECTRICAL FLUCTUATIONS N QUASI-STATIONARY CIRCUITS

The theoretical apprcach to thermal electrical fluctuations in a quasi-stationary
circuit has a great deal in common with the theory of Brownian movement,i.e. the
chaotic movement of a particle suspended in a liquid. In both cases there
take place chance changes of state in the macroscopic system (position of particle
voltage in the circuit) as caused by the chaotic influence of a multitude of micro-
particles in thermal motion (electrons in & conductor, molecules in a liquid). The
effect on the particular macroscopic system csn be well described in the form of
some chance external force applied to the system and possessing definite statistical
properties. This approach was borrowed by the theory of electrical fluctuations
from the theory of Brownian movement (2), of course, with the replacement of the
chance mechanical force by a chance electromotive force e(t). Thus, with regard
to thermal fluctuations, any linear two-pole network must be represented as con-
taining the source of the chance emf, e(t).

This approach was further developed by the work of Nyequist (3), who gave a

spectral interpretation of the chance emf:
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o

e (t) = +J. e elWt du,if e = e (w)
and who gave a formula for its a;e:tral intensity. Specifically, in the interval
of positive (Footn.a) frequencies fromod to ¢ + dw , the spectral intensity of
this emf 1is:

2
eZdw = = kTRdw
n

(1)

where k equals 1.38-10-10 ergs/deg is the Boltzmann constant, T the absolute

temperature of the two-pole network and R the latter's active resistance.
Formula 1 allows us to find the spectral intensities of the fluctuations of

any electrical magnitude (charges,currents, voltages) in any linear, quasi-stat-

~ ionary ecircuit, To do this we need cnly write out the Kirchhoff equations while
introducing into their right~handed sides all the chance emf's acting in the
branches with active resistences., Having solved the Kirchhoff equations, it is not
difficult to then calculate the spectral intensities of all current and voltages,
i.e. ths Kirchhoff laws for alternating currents, written out with the chance emf's
give the complee theory of thermal electrical fluctuations in linear, quasi-sta-
tionary circuits.

The question of the derivation of formula 1 will not be handled here. We should
only like to emphasize the possibility of describing thermal fluctuations as the
result of the action of chance emf's localized in the circuit's active resistances
and statistically independent for different resistances.

2. THE CHANCE SIDE FIELD. THE GENERAL THECRY OF ELECTRICAL FLUCTUATIONS

As we know, the emf in any closed circuit is the linear integral (circulation

across the circuit) fromthe intensity of the sc-called side electrical fileld,
distributed in the conducting wires forming the circuit. The side field is intro-
duced in electrodynamics as some equivalent magnitude allowing us to express "in
electricaly language" the various forces acting on the charges but not huving an
electromagnetic origin, or more precisely, performing their work owing to scme
outside source of energy —— mechanical, thermal, chemical,etc.

6
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It is natural to extend this general interpretation of the emf to the chance

" emf csusing electrical fluctuations. Here we approach the notion of the chaotic

side field localized in the matter of any body. In this field are included all ir-
regular forces that act on the micro—charges and that are tied up with the orderless )
thermal moticn both of these micro-charges and of all other micro-particles. The
intensity of the outside field K(x, y,x,t) is, consequently, the chance function
of the point and time but depends, obviocusly, on the temperature and electrieal
properties of the material. At the same time, by its very nature, intensity K should
simply be added to the intemsity of the electrical field in the particular medium,
i.e. should be included in Ohm's law in the usual way, in its differential form:
igng” O (E* K (2)
where i,,,4 is the current density of conductance and € the specific electrical
conductance of the medium.

Transition from the integral emf of g to side field K distributed over the
entire volume of the body, immediatély allows us to go beyond the limits of
quasi-stationary problems. By means of Ohm's differential law (formula 2), the
chance side field can be introduced into the system of general electrodynamic equa-
tions., We thus obtain Maxwell's system of nonuniform equations, the right—hand
sides of which contain the chance side field K. When solving the equations, this
field should be regarded as pre-assigned. For any system of bodies, the Maxwell
equations (together with the boundary conditions with the necessary conditions f:u-
infinity) exactly determine the intensities E and H, i.e. they allow us to express
the components of E and H in the form of some volumetric integrals from the
components of K, which terminates the electrodynamic part of the solution of any
problem dealing with thermal electrical fluctuations. The next and last step is the
statistical one.

We are usually interested in the average energy magnitudes characterizing the

energy of the fluctuating electromagnetic field and the tranafer of energy in this

7
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field. For example, the spectral intensity of the density of an energy stream
(Umov-Pointing vector) will be:
So == HE] + [E% Iy

As was sald, as a result of solving the electrodynamic problem, E and H
are expressed through the K components. Consequently, to calculate the average
values from the products of the E and H components (and just such products enter in-
to the energy magnitudes) we must know tﬁe definite statistical characteristics of '
the side field X, and more precisely, we must know the average values of the
products of the K components taken at different points of the srace. Such mgni-
tudes are called correlation functions of the K couponents., In the given case they
are the space correlation functions, They characterize to what extent the values
of the Ko component at point x, y, z and the values of the KP component at
another point x', y', z' are related statistically to each other.

& number of general comsiderations, together with the requirement that for

rather high frequencies (1 » A ) the laws of the classical theory of thermsl rad-

iation remain in force, permits us to completely determine the form of the correl-
ation functions of the ¥ components, By virtue of this we obtain everything
necessary for calculating all energy magnitudes characterizing the thermal fluc-
tuations of an electromagnetic field and, in particular, the fluctuating wave field, .
i,e. the thermsl radiation, f p

We emphasize onee again that since the electrodynamic part of the problemis
solved .,on the basis of general field equations, the correlation between the dimen~—
sions of the bodies and the wave length is in no way limited, i.e. the solution
encompasses all the diffraction phenomena occurring in the given geometrical
conditions. On the other hand, in border cases of 1 » A or 1l « A
(where 1 characterizes the size of the bodies) there naturally come into force
the approximation of geometrical optics or the quasi-stationary approximation.

Evidently, of greatest interest is the application of the afore—described

8
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This formule encmmpasses the transition to an ideal conductor, whae & —» o0
and d - 0, If, on the cther hand, t61? is not great, so that A2 » a IVE)
Ok d
Py = V e
4n2a _ -lln(kalz)P
Upon transition to an ideal dielectric (€"$0), the radiation power approaches
zero proportionally to the conductance. The relationship to the frequency @ and
to the radius a is completely different in all three cases.
3. THE CASE OF FAIRLY WELL CONDUCTING BODIES
For the majority of problems on thermal noises in the u.h.f. range, the afore-
described general theory can .be simplified to a considersble extent., The reason

for this is that in this frequency range the skin effect is expressed very
%

strongly even in not particularly well conducting materials, so that the dimensiou—

less parameter kd is ext.remefly small:

kd = - (5)

Yor example, in the case of a frequency f = {;‘ = 3,000 Mc, we find
that kd equals 0.055 even at a conductivity of 1012 absolute units, which is only
10 times greater than the conductivity of sea water and more than 1,000 times
smaller than the conductivity of carbon., For copper (& = 5.7-1017 abs. units)
at this frequency, kd equals 7.1072,

As we know, if condition 5 is fulfilled in the bodies, the electromagnetic
field outside the bodies jg only slightly disturbed in comparison with what it
would be in the case of ideally conductive bodies with the same geometric para-
meters. This permits us, generally, to free ourselves from the patent incorpora-
tion of the field inside the bodies and to examine only the external field interest-
ing us, subjecting the latter to some approached boundary conditions that are close
to the conditions on the surface of an ideal conductor. Specifically, when 5 is

fulfilled and when we have a surface that is not very greatly distorted (the

roved for Release 2010/08/1 043R000700150005-9
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method to problems in which L~ A  since it is precisely in these cases that we
cannot approach the problem either from the classical theory of thermal radiation
or from the quasi-stationary theory, which makes use of the integral fluctuating
emf, By way of an example we will give the results of a problem on the thermal
radiation of an infinitely long, annular cylinder in which the radius of cross-—
section g can be found in any possible correlation with the wave length 2 in
the surrounding transparent medium (for simplicity's sake. in a vacuum) .
We are interestedin the power Py of the thermal radiation from a unit

length of the cylinder in & unit interval of frequencies around @ , The solu~

tion of the problem is as follows (b)

a
P, = — —
© 2" f (E’ A >
where ©® = kT and f is the highly complex function of the dielectric permeability

of the cylinder and of the ratio a/a . The relationchip between the radiation snd
a/A is indeed that special result that we are able to obtain here, in contrast
with the result we would have 9btained from the classical Kirchhoff laws on
radiation, suitable where a ® & . We will not present the genersl expression
for Py, limiting ourselves to three special cases.

With 4 we will designate the thickness of the skin lgrer in the cylinder's

material:
c

Vanow 3)
Where a% A » d, i.e. for a whick and well-conducting cylinder, the power p

d =

radiated from a suviace unit (p, = B,/2xe) equals:

28

P, = —k3d (k=i= n (4)
3n2 c A
Such a power is radiated from a unit of any well~conducting surface in the

case of such short waves that the geometrical optics approximation is justified.
Formula 4 is a direct consequence of Kirchhoff's classical law. The two following
formilas relate to the opposite case of a thin cylinder (a» a).

If it conducts well (a®» d):

roved for Release 2010/08/1 043R000700150005-9
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curvature radii are far greater than d), the tangential components of the external

electrical and magnetic fields should be bound together on the surface by the cor—
relations (c):
Bt By g (®)
1- i 1-1i

Here x and y are the coordinates on the surface. If the conductivity augments,
d - 0 and, since the magnetic field remains finite, we obtain in the limit the
following conditionsan the surface of an ideal conductor: Ex = :‘y = 0,

Thus, in the case of a strong skin effect it is possible to seek only the
field that is outside the bodies but that eatisfies boundary conditions 6, This
is a far simpler problem, and it is therefore natural te attempt, when expression
5 occurs, to profit by its advantages also in matters of electrical fluctuatioms.

To do this we neea only introduce into G the surface side fluctuation field G,

which has only tangential components Qy and <y. We thus obtain the boundary con=
ditions:
Ex+Qx=-”_kd—'_Hv’E +Qy= kd< H,
1 -1 Y 1 -1 (7)

The problem of finding the fluctuating electromagnetic field E and H is now
set up by means of differential equations that do not contain the side field, i.e.
by means of Maxwell's uniform equations, but on the surface of the bodies there
occur nonuniform boundary conditions 7.

The solution results in expressions for E and H in the external space having
the form of linear functions of the components of surface side field Q. To find
the average energy magnitudes, though, we now need the correlation function of
Qx and Qy. However, to determine them we no longer require any new assumptions
since the question is solved unambiguously on the basis of the already known statis-—
tical properties of the volumetric fluctuation field K. With this method we
solved a probiemon the thermal radiatimnof a sphere in which the skin layer d
was small both in comparison with the wave length A in the surrounding space and
in comparison with the sphere's radius a (see Bibl. 1, paragraph 14). 4As for

11
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‘ the correlation between a and A , it can have any velue, which consists here

" again in the generalisation of the clagsical radiation theory, requiring fulfillme:t;

of the condition a® A.
For the spectral power rediated by the entire sphere, we obtain an expression

of the following type:

)
Py = 5 (kd, k)

A picture of the function of f is given in Fig.l, in which we show the rela-
tionship between the power radiated per unit surface of the sphere (Po = ;?;?z; )
and ka = *gim’ where the radius of the sphere & changes. The curve is cors tructed
for kg € 0.001 (for ka< 3, curves corresponding to values of kd = 0,001 and
less coincide).

Where ka & 1 (but of course ka » kd since awd) p, takes on the value:
p, - 2 k3d
4n2

With increase in the sphere's radius, pg, grows and then gradually declines with
weakly expressed maximums that are slightly displaced rightwerds in relation to
those ka values that correspond to the sphere's own vibrations (of the electrical
type). At large ka's, where a » A , the specific power Pg asymptotically
approaches the same value (formula 4) as we had obtained for the thick, well-con~
ducting cylinder and which proceeds from Kirchhoff's classical law.

Pu
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From the curve in Fig.,l we see that in & small sphere {ka~1) the radiation
per unit surface is 1} to 2 times more intensive than in a large one (kas> 1).
This increase of the specific radiation power, and also of its oscillating be_na-da‘,‘
at small ka's, i8 the result of diffraction of the radiated waves around the sphere,

As was already pointed out, approached boundary conditions 7 often prove to be
applicable precisely in the u.h.f. range. For the majority of questions in this
area we are interested ir the wave propagation not in the free space but in feeder—
waveguides limited by metal walls or in coaxial cables. As to questions touching
upon thermal noises inthe u.h.f. range, we will now turn to them. First we will
discuss the results (d) which can be obtained outside the general theory of
electrical fluctuations and then we will turn to questions for which this general
theory is indispensable.

4. THE WAVE-GUIDING FORM OF THE KIRCHHOFF LAW

Nyequist obtained formula 1 for the spectral intensity of the fluctuating
emf by examining the transfer of energy between two identical, active resistances
R joined by an ideal, two-conductor line to which they were adjusted (3). Thus,
the energy exchange occurs by méans of the waves that are excited in the line by

each of the resistances and that are unreflected owing to,the adjustment of the line

to the loads. The power in the frequency interval from v to w+dw , sent into the

line by each resistance, can be calculated in the following way.

If at some moment we were to shorten both ends of the line, we would "catch®
in it the waves running toward euacn other with different frequerciesg. The
system of standing waves with frequencies from w to W rdw can be regarded
as a superposition of the line's own vibrations whose frequencies are included in

tte said interval. The line's own frequencies, if its leugth equals 1, are:

@ Ul=l‘—l§n(n=1,2,3,...)

{.e. are separated from each other by 4w = -%— . Assuming that 1 is large

13
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enocugh 8o that fo «dw , ve obtuin the following number of inhereat vibrations in

the dw interval:
ds - dw _ ldw
ds 2 % Twe

In the oon-quantum region, there comes into force the theorem of the regular
adistribution of energy by degree of freedom, according to which for each inherent
vibration there is, at thermml equilibrium, an energy of © = KkT. Consequently,

the energy in the line for the frequency 1nterval of do 1is equal to:

_ 8ldw

" The

But with acting, coordinated resistances, there is no reflection on the ends,

e 6ds

which signifies that the resultant energy 1s just equal to the energy that both

registances send into the line during the run of a wave at distance l, i.e.

during the time T = -% . Thus, each resistance sends the following energy in &

second:
@ds _ Bdw
pAY n 8}

Possessing this expression, it is no longer difficult to obtain the spectral
intensity (formula 1) for the emf acting in each resistance, but expression 8
itself is of greater interest to us for the moment .

This expression is obtained for & special kind of line and for so called
main wvaves, in which both the electrical and magnetic fields sre purely transverse.
It is possible, however, to show that the same result remains in force for a
line ( a one-dimensional channel) of arbitrary form and for any type of wave pos~
sible in such a line, and not only for main waves, which, generally speaking, can
also be impossible (for instance, in & vave guide). A proof that is analogical
to the above but which takes into account the possibility of dispersion and con-
sequently the difference between the phase and group velocities is given in Bibl.
1, paregraph 17.

Thus , an emitter having a temperature ® and coordinated with the wave

guide at frequency ® , sends, st this frequency, & power with a spectral density

LY
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-1 of 3% « If we now decide that in the presence of any uncoordinated body in the

©- ! wave guide, the thermel equilibrium be preserved in each spectral interval, it is

possible to obtain the power sent by the uncoordinated emitter.

Let us assume that in sections of a wave guide A and B (Fig.2) we have
emitters that are completely coordinated with the wave guide at frequency «° on
a wave of some type (E or H) and number (m, n), i.e. emitters that do not reflect
this wave. Between them we will place an uncoordinated emitter C , and ve will
assume that the disagreement is, generally speaking, different on both sides of C.
We will designate the coefficients of reflection, absorption and passage of C,
if the wave falls to the left by Ry, A; and Dy, and if it falls to the right by

Rp, Ap and Dy. It is understood that RFA*D ;= R JAFD,“1. By Py, &nd By,

we will indicate the powers radiated by C on the said wave, on the left and right
respectively.
(The 1ast two pages of this article are missing. Tr.)
FOOTNOTES

a) Intensities in the spect;.-um along positive frequencies will be noted by
the subscript @. They are twice as great as intensities in the spectrum along
frequencles from - o to + o, 80 that e2 = 2€€¥, yhere e is the complex spectral
amplitude of e(t); the asterisk designates a complexly conjugated magnitude and
dash designates the statistircal mean.

b) See Bibl. 1, paragraph 10.

c) These correlations were obtained simultaneously by A.N.Shukin (4) and
M. A. Leontovich, the latter also pointing out the Possibility of using them as
the boundary conditions in solving marginal problems with regard to good conductors
(5).

4) Bee, paragraphs 15 17
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A.A.KEARKEVICH and E. L Blokh

ON THE MAXIMUM CARRYING CAPACITY OF A COMMUZICATION SYSTEM
(From geometrical correlations a formula is developed for the maximum carrying
capacity of a comunication system. The final result shows that the well known
Shannon formula is only valid in the limit at a signel/interference ratio ap -
proaching infinity.)

The carrying capacity of a communicsétion system is defined as the amount of
messages transmitted in the system per unit time.

The maximum carrying capacity,i.e. the maximum number of messages that can be

transmitted per unit time at an unlimitedly small probability of error, is ex -

P
C = F logy Q *—PE> (1)

This correlation is the essence of ore of the Shannon theorems (Bibl.l). In

pressed by the correlation:

a later work (2), Slglannon glves a geometrical proof for this theorem, this proof

being, however, unsatisfactory.

In the present work we give ;1 more exact proof of this theorem so as to make
correlation 1 more precise.

Let u> assume that a communication system carries a megsage that is reflected
by the signal in the form of some function f(t) having a final duration T and a
limited spectrum of width F. According to Kotelnikov's theorem (3), to completely

define this message we need only supply the final number of separate values of
function £(t), equal to:

n = 2FT

The total n of separate values of function f£(t) can be represented as a point

in the multi-dimensional space of n dimensions with coordinates:

k
£k=t(—'r);k=1, 2, .. .n
n

Thus, each signal is depicted as & point or vector in the space of n dimen-
sions. The length of this vector:
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f= V‘ .’Xl 2

equals the square root of the energy of the given sigonal.

Instead of vector f, we will examine vector:

-~ )
y =—f

n
In this case the square of the length of this vector:

n
- >
2 - 2
= — f
Yy n k
k=1
will express the pover of the signal. If an interference is imposed on the signal,

arcund the point of the signal with coordimmtes:

yp =——1f,, k=12 .. .1
n

a region of indefiniteness is formed. Expressing the interferernce by means of

the chance vector:
- )
z = E
Vo
with the compotfénts ;,.5—'.\-;‘ , we obtain for the square of the length of this

vector:

If the interference is a white noise, then owing to the chance nature and
independence of £g all directions of the interference's vector are equally
probable, while its length fluctuates around the value:

(average power of the interference)

Thus, the region of indefiniteness around the end of the signal's vector

represents & symmetirical formation in which the surfaces of equal probabilities

are surfaces of rotation (ve are speaking of the fall probability of the vector

end of the received signal, i.e. the vector of the sum of signal and interference

17
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at th given point in space).
In order for the signals to be distinguished from each other it is necessary
- for the regions of indefiniteness of the various signals not to intersect each
other. If this condition is fulfilled, the 1deal receiver (in Kotelnikov's
sense) will unmistakenly select the actually transmitted signel and reestablish
the corresponding message.
Let us determine the maximum number of distinguishable signals for the case
where n is any unlimitedly large whole number. In this case, in the expression for'

the square of the vector's length:

ve will regard f 8s & chance magnitude. Under these conditions, the fluctuations
of . the chance magnitude y° around the value P(P equals lim L'n 2 £ )
e I X “w

will decrease vhen n is increased, and as y2 we can adopt the average pover of the
sigml, P equals const. The same can be said for the vector of interference ?,
whose square length, where n is large, can be regarded as constant and equal to
the average power of interference Py .

Let us now calculate the length of vector :, which depicts the received

8i 1:
gna. 1

Va

f + E

The square length of this vector equals:

',1,_ Zn: (g + 87 ’%Zfﬁ*:—sz‘ *%Z .8,

k =1

2
“2=P+Pn*—§:fk5k
n

But the latter item, owing to the independence of the signal and interference,

18 equal to zero on the aversge, while the fluctuations of this item decrease with
increase of n. Thus, where n is rather hr;p, with a probability unlimitedly close
‘%o unity we have:
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- 2 = p + P
: ® o
;and the vector length of the received signal equals JP+ P , vhile the

vector length of the transmitted signal is J_P' and the vector length of 1_:he inter-
ference rﬁ; . Such a relationship between vectors reflects statistical indepen~
 dence,i.e. the absence of a correlation between the signal and the interference.
Geometrically, however, this is reflected in the fact that the interference's
vector is orthogondl to the vector of the transmitted signal, as is shown in

Fig.l. Consequently, the ends of the vectors of the transmitted signals lie

on an n surface ~—~ & uniform sphere of radius .r?, while the vector ends of the
received signals lie on the surface of a sphere baving & radius of P+ Py .

All directions of vector ? in the plane normel to vector ? are equally probable.
Therefore, in the case in question i.e. that of a large n, the region of indefinite—
ness degenerates into & n-dimensional circle lying on the surface of an nfdimension—
al sphere having a radius of JTN.—P;‘ .

Fig.l Flg.2.

Fow we can approach the problem of finding the number of distinguishable
signals in terms of a purely geometrical problem of packing the maximum number of
unintersecting circles of radius r = m on the surface of a sphere of radius
R = J'?TF“ . fThe geometrical arrangement of the problem is shown in Fig.2 on
a three dimensional model.

In sctuality, the problem is that of an n dimensional space, where ﬁ is &

very large numter since only on this assumption do we obtain clearly defined circles

19

roved for Release 2010/08/1 043R000700150005-9



Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150005-9

i instead of indistinct regions. This scheme can also be applied to a small n on the ’
L. !

: condition that the signal and interference powers are constant and that P P j
t !
: For the surface of a sphere with radius R in the n-dimensional space we have

., the well-known formula:

()

_ (This is nothing other than the volume of a sphere with radius r in the space of

(n - 1) dimensions,)
The number of r radius circles fitted in with the closest packing (without
mutual intersection) on the surface of an R radius sphere (assuming that the numver

of circles is great and ignoring, for this reason, the surfacets curvature) equals:
n 1y
7 %)

(% +1)

N=o(n)>

|
= =o(n)Y=n
" r

where g(n) is the coefficient for using the area (packing coefficient).

The coefficient o(n) for using the area is evidently equal to the coefficient
p(n - 1) for using the volume in the space of (n - 1) dimensions when packing into
it spheres having identical radii. By replacing R and r with their values, we ob-

taing
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At the present time there does not yet exist & complete solution of the
problem dealing with the closest packing of spheres in an n-dimensior.l space,
and consequently the exact value of the coefficient P(n - 1) is unknown. Hewever,
ve have established the limits within which the packing coefficient is found;

these limits are expressed by the inequalities:

< <

e Pl
The estimate oelow belongs to Minkovsky; the estimate above 1s given by

Blichfeldt (4). Substituting the aforesaid limits into the formula for N logar ~

ithming and throwing out the terms that are smell in comparison with n (where

n+e), we obtain for the limit carrying capacity:

1 P 1 P
F logy — ry 1+ 5 >< C, < F logy 5 Q + >
[logz (* >— 2] <C, < F{ logy Q + —) (3)

Thus, the limit carrying capacity is in any case smaller than that determined
by the Shannon formla. Only where _;Ln - & do formulas 3 and 1 give'coin-
ciding results; here, of course, the unit in the rounded parentheses can be ignored

since for this limit case:

P
C -+ F logg —
2P (L)

Let us now examine the case wiiere the number, N, of different signals exceeds
the limit number. Under these conditions, the regions of indefiniteness (the
circles of radius r) begin to intersect, which leads to an unequal to zero probabil-
ity of error in receiving and reestablishing the transmitted message. The prob—
ability of error in this case 1 equal to the ratio of lengths of these circles
(Fig.3a)- Evidently, transmitting will become impossible when the r radius

circles completely (without free gaps) cover the entire surface of the R radius

21
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sphere, since in these conditions the probability of error will be equal to unity
(Fig.3b) The number of circles completely covering the surface of the sphere

. 1
is expressed by the formula: r (—';— *—2—) P n;l
M= Vs n- 1)—" =2 (14—
r(L v Pn
2
where § (n) is the packing coefficient in the case under investigation.

Fig.3.

In recent articles (5,6) we were given the lower estimate of 3(n); 1t would

seem that where n is large this estimate is expressed as a constant magnitude,

slightly larger than unity. Therefore, where n?w, We can write:

P\
M<B\[E<1——)2

PR
where B is a constant multiplier. By logarithming and throwing cut the slowly

augmenting terms, we obtain for the carrying capacity precisely the Shannon cor-—
relation 1. However, as we see, this correlation obtains a completely different
meanizg: 1t expresses the carrylng capacity with a probability of error that is
unlimitedly close to unity.

On the other hand, with increase of P/P“ , the limits in formule 3 and the
value of C from formule 1 unlimitedly approach the value expressed by the limit
formula 4. Following from this is the final conclusion, that under conditions of
unlimited increase’ of P/Pﬁ, the limit carrying capacity tends toward the value
expressed by formula 4; upon reaching this value, the probadility of error jumps

from O to 1.

All the foregoing discussions and resulte relate to the case of n —» @

Since n equals 2FT, at a pre assigned band F th;l.s signifies tlmt ve are dealing

with rather long message segments, while assuming that the transmitter codes this

22
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entire segment in the optimum manner and that the receiver reestablishes this
section in picking up the complete corresponding signal.
SUPPLEMEN:T

When examining the theory expounded above, there arises an obvious question
as to the correlations at which we have the right to represent the diffuse region
of indefiniteness as & distinctly limited area. In other words, at what values
of n do the fluctuations of the vector length of the interference become small
enough.

We will state the problem in the following meaner: we must find as the
function of n the interval in which the vector length of the interference is
included with the pre-assigned probability. Geometrically, this task leads us to
£ind the width of the ring representing the cross section of the region of indef—
initeness by means of the plane nommal to the vector of the transmitted signal;
the ring constricts with increase of n, and in the limit becomes the circle which
figured in all the aforegoing constructions.

For the square of the vector length of the interference e had:

The distribution for z is known; it is the so called X}distribution (Footn.a):

3 Ve nol-ivt
9 (y) = — y-—v—: e ?
n
F(—z-) 2
It is presupposed that the §,‘ are independent and distributed according to

the normsl law with parameters:

The integral law of distribution expressing the probability of whether the
magnitude of z will be in the interyal between O and y is given by the formula:
23
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Vny
21-1
v (y) = 2t

"%

This integral is not expressed in certain functions. But it can be shown
(and owing to the lack of space we do not give the proof here) tbat where n
with precision up to terms that decrease no slower than n‘% the above distribu-
tion can be replaced with the normal one:@
,\/'T:
_2- 1
1 -—X
a (y) = ——= 5 e ? dx
Var
]/_“ 1-yH
g Y

We can judge as to the degree of approximation obtained through the use of

2

formla from the following figures:

n 2 8 18 28
v (1) — v, (1)

0. . .
MY 46 0.14 0.084 0.065

Let us now find the probability which the investigated chance magpitude
might fall into the interval y; < ¥ < Y2, vhere:

2 - -
Y1’1—E,y'2 1+€(Y2‘Y1=V1+€"\/1*€=E)

The sought for probebility is expressed by the correlation:

[V

2

1 -1x?
p TV (y2) - 9, (yy) = j e ? dx = 20 (EI/:)
" Var 2

S eyE

2
where @ is the symbol of the Laplace function (integral of probabilities). Pre =
assigning & probability p we can £ind the relative width of the ringe(i.e.
the ratio of the width of the ring to the radius). Thus, wheve p equals 0.99,

we obtain the following fig.res:

_
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102 103 104 105 108

€ 0.368 0. 116 0.0368 0.0116 0.00368

The width of the ring decreases as 1/3%
In evaluating these figures it should be remembered that for a telephone
signal (F « 5 Kc) having & Juration of one second, we have:
n = 2FT = 104
For & television signsl (F=5 Mc) at the same duration, n is already 107.
Article received by the Editors on December 15, 195k4.
FOOTROTES
a) See B. V. Gnedenko~ "Rurs teorii veroyatnostei® ("Course in the Theory
of Probability"), pp.125-127.
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o4

K. I. CHERRE

i kg, g

ON THE THEORY OF A SINGLE-TUBE R AND C GENERATOR

(A study is made of the single tube R and C generator. An equation of free
oscillations is advanced in a generalized circuit which 1s used to snalyze &
number of special diagrams for single tube R and C generators, mmking it possible

to establish some general rules.)

1. INTRODUCTION

The generator examined in this article consists of a single tube amplifier
whose output is connected to the input throwgh a quadripole consisting of an
R and C (Fig.1).

Such generators, as we know, are of practical interest when we need low

13

power but rather stable and small sized sources of sinusoidal voltage. Such ¢

genexrators were first suggested by V. I. Siforov (Footn. a).

We f£ind in technical literature several diagrams of single tube R and C

generators (Bitl. 1, 2, 3); the authors of these works limited themselves to a

study of diagrams in which the quadripole in the feedback circult consists of

three or four half T shaped quadripoles of the tjpe shown in Fig.2a or Fig.2b.

In this article we examine the general case where the quadripole in the
feedback circuit of the generator consists of any number of identieal half T
shaped quadripoles of the type shown in Fig.2s or Fig.2v joined in series (cascade)

H Fig.l (Feedback circuit) Fig.2

4 : i
Circuit T(t)—-v ——

inverfer . [

To study this general scheme at work we use the matrix theory of quadripoles

(4) and the technique of analyzing the stability of linear systems es developed
27 STAT]
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by E.V.Zelyakh (see Appendix I). This made it possible to avoid the complicated com%-
putations that are inevitable when studying complex circuits by the usual method of,g
contour currents or by the method of nodal voltages, and also to obtain with com~ ,
parative ease a compact formmla expressing the self excitation conditions of such
tube generators.
2. DERIVATION OF FREE OSCILIATION EQUATION

Let us assume that in the diagram of Fig.l, the feedback circuit represents n
cascade comnected, identical, half T-shaped quadripoles, shown in Fig.3. Let us de-

2z, velop the free oscillations equation of this diagram. For this

o—i g
Qz, we must first find the parameter Ay, of the quadripole obtained
_ after dividing the diagram of Fig.l at points 1 - 1 (Fig.h)e.
This quadripole represents a cascade connection of two quad-

Fig.3
ripoles, the first being the amplifying cascade and the second

comsisting of n cascade-connected, identical, half T-shaped quadripoles as in Fige3a
If we ignore the resistor in the cathode?s circuit, parameters coefficients

matrix of the first quadripole will equal (L):

lalf = Q51 Q12
3% a2
where S is the grid plate transconductance of the tute, and K the amplificatio
)
the cascade:

r

K=v—m 2)

Here RL is the internal resistance of the tube, and p the latter's amplifica—
tion factor.

The parameters coefficients matrix of the second quadripole equals:

al a’
1 12

Il¢’||=‘ . . i=MHalln,
| @ G

28
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where lal is the parameters—coefficients matrix of the guadripole in fig.3:

N
n  dy l”‘}"%:‘ le ®)

Qy by, —ZIT 1

lal=

The mtrix | All of the quadripole in fig.h equals the product of matrixes
lall and §a'y:

HAH=”
ll

or, incorporating formulas 3 and 4:

uAu=H " I! !;’ o

21 @y, sy Qg

Fig.hk (Feedback circuit).

To obtain the free oscillations equations we must determine the parameter of

Aj1. As we see from formula 5, it Squals:

Ay =ay,my - e,
(7
The parameters of aj] and 23 are known from formula 1, while the parsmeters
of a!. 8nd a'p) 88 Ve see from formula 3, are elements of the matrix obtained
a

after raising to the nth power matrixes llall from the diagram of frig.3.

It is easiest to raise a matrix to a power if wve first dring this matrix

29
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to its diagomal form. After doing this to matrix flall, and arter raising 1t to

the nth degree we obtain (see Appendix II):
al.l 0'2
flafr={ . .
21
N ATy — D - D(A7+27)
! N—1 a,
(- 1) an _ M-
A, —1 2 A —1

-3

Herel,l and X are the proper values of mtrix lall:

)\|=1+§ZE’;—E- l/(l - 2ZZ::):“’ 9)

SRR R VAU R

Formulas 9 and 10 are obtained from formulas a and b of Appendix IT after
substituting into them the values of the matrix flall elements from formula L.

By substituting into formula 7 the values of ausnd 512 from formula 1

and 3'11 and a' from formula 8, we find the sought for parameter-coefficient
21

T A4

ot A (M =M ) —q — (Arrian+)

An= K ' (1)

E _ _ rRi
=0T T Tz +R) (12)

Making the expression for Aj7 equal to unity, ve obtain the free oscilla-
tions equation in the following form:
PL - l;')(l——q)—-( A{'*‘—X;*l)
= -
— (13)
2. ARALYSIS OF PARTICULAR CASES

Let us first examine the case in which, in the diagram of fig.3:

Z, ==Tr,,

which corresponds to tue diagram of fig. 2a.

30

roved for Release 2010/08/1 043R000700150005-9

s AV TS § Sk SR A T RS 1 B




Sanitized Copy Approved for Release 2010/08/12 : CIA—RDP81—O1043ROOO70050005»9

which corresponds to the diagram of fig.2a.

Then from formula 9 we get:
— P — N
=11 +1/(‘ ) - (14)

M=1—1£,_;——l/(l—i’;_-)*—1, (15)
1

P1= <~ Crr (16)
From formula 12, in this case, we get:

g= rR;

nr+Ry "’ an

1. Let n equal i. 1In thie case the diagram of fig.l becomes the diagram of

fig.5, for which, from expressims 13 to 15 we get:
K=—(1+g)+ip,. (18)
Since K is substantial, ip; equals O or » equals @ and K equals -(1 £ aq).
But K should be positive (see equality 2). Therefore, this type of circuit
will not be self-exciting, i.e. the circuit of fig.5 cannot be a generator. In an
analogical way it can be shown that if n equaia 2, the diagram of fig.l will also
not be self-exciting.
2. Let n equal 3. In this case the diagram of fig.l becomes the diagram of
£1g.6, for which, from expression 13 to 15 we get:
E=—1+4+p(5+9)—39+ip,(6+4¢+py. (19)

Fig.5. Flg.6.
(4 C, I
% % [l]'lr

Since K should be substantial, this equality is broken into two:
K=—1+4p?(5+ ¢ —3q.
P1(6 + 49 — p}) = G.

31
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From formula 21 we determine py:
= Vﬁ‘*—q (22)
or, incorporating formula 16, we get:
A (23)
Substituting formula 22 into formula 20, we get:
K—=29+23q+4¢.  (24)
In this case P> O and K> 0. Theréfore, the diagram is self-exciting if
the conditions of formulas 20 and 21 are fulfilled. Equality 24 determines the
necessary minimum amplification of the cascade, while formula 23 determines the

generation frequency.

If q€ 1, vhich as ve know 18 desiratle from the point of view at the stable
operation of the generator, then:

R , (25)
I =~5rve =

K =29. (26)

This result coincides with the result obtained by V. I. Siforov (1) using
another methed.

The above examples show how, by using equalities 13-15, we can obtain the
self-excitation conditions of the generator in fig.l with different numbers of
cascade~connected quadripoles from fig.2a, forming the generator's feedback
circuit. The results from a number of different circuits are given in table 1.
Let us nowv examine the case where in fig.3:

Zi=n, (27)

Zy—=_1_ 28
NG (29)
which corresponds to fig.2a.
In this case to the output of the tube we must connect a spacing condenser

Ce and a leak resistor Rc (fig.7). If the resistance of this condenser 1s very

32
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small at the tion freq y, while the resistance of Ry 18 rather great,

equality 11 will also be valid for the quadripole we obtain if we divide rig.7
at points 1-1. Since in this case: .
7=ax % =1¢:ps, (29)

rR;

=" imy’ (30)

Pr=o0Cyr, (31)

equality 13 assumes the form: Ke ( AR — g ) (1—14g.p,) _( AL );4-!)
b=k "(32)

h==1+i”—’+l/ 1402y
2
( ) (33)

M=1+if — l/(1+i%L>’~f_(3u)

Fig.7 (Peedback circuit, cascade connection of £1g.2b)

Equalities 33 and 34 are obtained from formulas 9 and 10 after substituting
into the latter two, formulas 27, 28 and 31.

Adopting various values for n, let us determine from formula 32 the
generstion frequency and the necessary amplification of the generators frem
£ig.7+ As in the case where the feedback circuit consisted of the cascade-con-
nected quadripoles from fig.2s, in fig.T gemeration is only possible where

n>2. The analysis results for a number of circuits are given in table 2.
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3. COKCLUSIOKS
- On the basis of our results we can draw the following conclusions;
l. Generation is possible if the number of cascade-connected, identical,
half-T shaped quadripoles in the feedback circuit is more than two.
2. The greater the number of these quadripoles, the smaller the necessary

amplification
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3. When ve increase the ber of cascad ted links from fig.2a in

the feedback circult, there is an incresse in the value of Cjrp necessary to
ohtain, the given frequency (table 1).

4. When we increase the number of cascade-connected links from fig.2b in
the feedback circuit there is a decrease in the value of Cory necessary to obtain ;
the given frequency (table 2).

Conclusions 3 and 4 should be borne in mind when, in designing a generator,
we obtain inconvenient (very large or very small) values for the resistances and
capacities.

APPENDIX 1

The requirement for fulfilling the amplitude balance and phase dbalance 30

as to develop generation in the closed linear system of f£ig.8, corresponds to

the equality:
G- O €3)

where {11 and ;1 are the voitages at the input and output terminals (respectively)
of the quadripole that will ‘be obtained if we divide fig.8 at any spot and loed
its output terminals with a resistance equal to the repeat resistance of this
quadripole. If we divide fig.8 at points 1-1, we will obtain ths quadripole of
£ig.9. The repeat resistance of this quadripole equals infinity (since it
begins with the open input of the tube) and therefore its output terminals in
£1g.9 are shown as being interrupted.

We know that for any quadripole the following equation is valid:

U, = AuUs+ Ands.

where Alland “12 are the quadripole's parameters-coefficients.

output terminals of the quadripole in fig.9 are interrupted, and there-

fore Ip = 0 and the basic equation becomes:

U, = AyUs.

Incorporating equality I, we obtain the following cemndition for the develop-
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ment of continuous oscillations in the closed linesr system of £ig.8:

Ap-?
Here “n is the paramter—coefﬁcient of the quadripole from fig.9.

Fig.8 o (Amplifier) b(Feedback circult) Fig.9

nicl
— g

1
'
“

e AR AL FETRFES TR AT YT YA YRR SRR £

—m—daad

£

[ .F.

This equality is the particular case of a correlation, advanced by E.V.
Zelyakh in 1929, between the psrametera-coefﬁcients of a quadripole for de-
termining the stability of a linear closed system and is only valid for the
special case where the input resistance of a quadripole obtained from dividing

a closed system 1s equal to infinity.

APPENDIX 2
By "bringing the square matrix flall to its aiagonal form® (&) it is meant
that this magnitude 1s presented in the following form:
Bl =y = e it
Here | xi is the diagonalizing mtrix,llx(l-l the reverse metrix to the diagonall-
zing one, and Iallthe diagonal matrix.

1f llall 15 a square matrix of the second order:

1 @y, 8.z
at -
ll":| a
then W 2,

li x| =

1 —
an
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Here )‘1 and A, are the matrix- own values, the roote of equation:

ay, — i @y,
-,
an a;z — A “

which is called the characteristic equation of mtrix Nal.

Having solved this equation with regard to A, we obtain:
e
ay - ay- (@, + an)? )
h=y +|/‘”'T‘n’ —lai. (II)

M,;_",n_';ﬂ —]/ﬂ‘—;—«’—’——m. (111)

where |alis the determinant of mtrix flab:
lal = ansn — Anda-
As we know, in the‘case of a passive linear quadripole, ia‘ equals 1.
For a mRtrix preaenfed in its diagomal form, the operation of raising it
to a power is highly simplified.
1If we have a square mtrix lla\, then:
Nall”= PRSIl
In the case where llall 18 & matrix of the second order, we obtain:
n
|lau"-llx||~x :)‘ :’? T3
After substit\ﬂ.ng- the aforesaid matrixes Ixll and it} -1 apnd after multi-

plying, ve obtain formula 8.

Article received by the Editors on February 12, 1953.
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A.Z FRADIN and V. A, OLENDSKY

ON THE ANTENNA EFFECT OF A SYMMETRICAI FEEDER
(A quantitetive estimation is given of the antenns effect of a feeder. An analysis
is presented of the antenna effect of a receiving, symmetricsl, cpen feeder in the
" presence of asymmetry of the receiver's input. The study is based on the theory
of assymetrical linss developed by A. A, Pistolkors, and on the multipole thecry.
Discussion is given of the nature of the relationship between the antenna effect
and the magnitude of esymmeiry, the parameters of the artenna-feeder system, the wave
length and the puramsters of the ground).
INTRODUCTION

One of the most important demands made of the feeder lines of receiving radio
stations is the absence of antenna effect. A radical means for eliminating antenmna
effect is the application of shielded feeders, particularly coaxial cables. How—
ever, in the case of open feeders,the antenna effect can be eliminated er consider—
ably weakened, firstly through the use of a four—conductor, alternating-phase
(crcsssd) feeder line for eliminating the excitation of anti-phase ewmf, ard
secondly by symmetrizing the input of the receiver so as to eliminate the influence
of cophasal emf's excited by the electromagnetic field in the feeder. Wihout
discussing the effectivensss, in this application, of coaxial cables or other
types of shielded feeders, we will dwell in this article on the effectiveness
of the various means applied in open feeders.

We know that in the case of alternating-phase, four-conductor feeders in
which there is a small distance betwesn conductors, as in a standard receiving
feeder, the anti-phase em's in the feeder lins are almost completely eliminated.

The influence of the receiver input's asymmetry on the antenna effect of an
open feedsr has received little attention in technical literature. A study of
this question was first donse by ons of the suthors of this article,
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In this article we expound a method for a gensral golution to problems dealing

with the antsnpa effect of a feeder as csussd by asymmetiry of the receiver's input.
1. POSING THE FROBLEM

In Fig.la we show the principal schematiocs of the circuit: antenna —— feeder

line — receiver input.

The principal schematics is shown in the projected form, i.e. one part of
it (the tube and contour coil) is shown in terms of a circuit that is asymmetrical
with regard to the ground, while the second part (antenna, feeder line and input
elements of the receiver) in terms of a symmetrical ecircuit. In practice, it is
impossible, in the second psrt of the schematic, to obtain complete symmetry with
the ground., Some elements of asymmetry remain both in the antenna and feeder

line, =s well as in the input elements of the receiver, In this study we take

into wdcount omly the asymmetyry of the receiver's input elements; the antenna

and feeder line are regarded as symmetrical.
For convenience of analysis let us replace, in conformity with the prineciple

of reciprocity, the schematic of Fig.la with an anological transmitting schematiec,
shown in Fig. 1b,

Fig. la_(Input stage of receiver) _Fig.1b

X

d

|

To give the solution to the problem greater generality, let us replsce, in
conformity with the theory of muiiipoles (Bibi,1), the input receiver elemenis of

Fig.lb with the tripole (three-terminal netvork) shown in Fig.2. Here Z,, 2! and
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2" are the lranch resistances, while E! and E® are the emf at inmput terminals

1l and 2, Any receiver input schematic can be twrought to the appearance of fig.2,
Where the tripole is asymmstrical both in terms of resistances Z' and Z" and in
terms of the emf's E! and E®, there develops in the feeder together with the anti-

phase current a cophase current which will be the cause of an apprecisble antenna

offect in the feeder.
-] <
Fig.2 (Lead 1, Leed 2, Feeder)

If we adopt the schematic of fig., 2, we must divide the problem into two parts,
theoretical and practical. The first consists in determining the antenna effect of
a symmetrical feeder lins which at one end is loaded on th§ given symmetrical an-
tenna and which on the other 8 ie is fed from a tripole of the fig.2 fype. The
second, practical, part of the prcblem consists in working cut the most convenient
way to measure, ir the receiver, the equiva:lent paraxeters corresponding to the
tripole of fig,2. In this stody we expound only the solution to the thecretical ’
part of the problem,

2. THE FEEDER'S RECEPTION FACTCR

With regard to the receiving system shown in fig, la, we will consider as the
characteristic of the feeder's antenna effect the ratio of the voltage on the tube's
grid produced by the 2lectromotive forces excited by the arriving slactromagnetic
wvave directly on the feeder, to the voltage on the tube's grid produced by the
slectromotive forces excited by the electromagrnetic wave on the antenne's leads.

To maks the problem more dsfinite, let us assume that the electromagnetic waves

41
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that excite both the anterns end the feeder have an identical fisld intensity and
arrive from the meximum reception directions of the antenns and feeder respective-
ly. We will call this ratio the feeder reception factor (f.r.f) anddesignate it
by the letter K.

For the transmitting diagram of fig.lb, we will define the f.r.f. as the
ratio of the emission field intensity of the feeder in the main direction to the
emission field intensity of the antenna in the main direction.

Taking into consideration that the feeder's emission isiasically determined by
the cophasal wave on it, and the antemnna's emission by the anti-phase wvave, we
can dstermine the f.r.f. as follows:

N_VPcG»t ‘/7?‘-:_65 e 1/_120___'1\04. 1)
V Pg-Gy ’m Ry -Ga Im Rmi-Ga a
where: Py is the power of the cophasal wave curremnt;

Gy 1s the feeder's anpli.ficati’m factor;

Py ia the power of the anti-phase wave currents;

Gy 1is the antenna's amplification facior;

I, is the copbasal current in the feeder line leads at points a-a (fig.lb);

I771 is the antl-phase current in the feeder line leads at points a-u;

Rcl is the effective resistance compconent of the antenna~feeder system at
points a-a for the cophasal current;

Rn’l is the same as above for the anti-phase current;

haf is the acting height of the feeder lins;

A 1is the wave length,
3, THE ELECTRICAL PARAMETERS OF THE FEEDER LINE

The values of the ourrents and resistances entering into formula 1 can be
found by using methods of the long line theory. The theory of long lires, as we
know, 1s based on differential equations in which ths linear paramsters of the lines
are used as the multipliers. Let us speak for a moment about the characteristics

of these paramsters in the cass of feeder lines. If we were to limit curselvus
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to studying cnly tho anti-phase wave, the feeder line might be regarded as a long
line situated over an ideally comductive ground. The linear parameters of such
a symmetrical line are: tho imduectance L,, the capacity C,, the effective resis-
tances r, of the leads, the mutusl inductence le and the mutual capacity Cy,
betwaen leads.

In the given case, since our examination includes, together with the enti-
phasal wave, the cophasal wave, in addition to the aforesaid parameters we must
also incorporate paramsters introduced by the semi-conductive ground: the linear
effective resistances rgo and T 212 and the introduced inductances I"go and "512’
as well as the linear emission resistances of the cophsaal currents TSo and
TS 90 We will ignore the effective leakage of the leads in this case.

We can gain a notion of the order of magnitudes of the aforesaid parameters
from the table given below. In the case of an ideally conductive ground, the
parameters were calculated by the method of potential coefficients (2), while the
parameters bound up with the influence of e semi-conductive ground were calculated
by the method expouided in Bibl. 3 and 4. The data given in the table refers to
a symmetrical two-lead feeder suspended over moist earth (o= 10713 cosM : g = 10)
and over dry earth (o = 10-1‘ CGSM :€ = 5) at a height h equals 4m. The distance
between the fesder leads was adopted as D equals 35mm and the lead radius as R =
6.1mm, This kind of feeder, in terms of wave resistence, is equivalent to tho‘
standard quadripole recsiver feeder having a lead radius of r equals 0.75 mm and a
distance between leads of d equals 35mm.

As a supplement to the data in the table, fig. 3 and 4 show curves of the
relationship of Tg0 and LgO to the wave length in the range from 15 to 100 m, the
curves being drawn up for different suspension heights of the feeder over damp
earth,

A notion as to the order of msgnitudes of the feeder line's emission resistances
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R T

5, in vhich we give the values of emission resistances

can be gotten from fig.
Ty a8 oalculated for = harmonic lead suspended at differont heights h over an

ideally comductive ground. The values of the semission resistances are given in

relatioa to the harmonic number n,
Elg.3.

~fa) |
&=0""CsM
o
. =]
J L= -

L_ 1
U 20 30 40 50 60 W 80 S0 WA~
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4. THE ANTENNA EFFECT IN A FEEDER

The feeder reception factor, formula 1, consists of three maltipliers, the

simplest of which is the mmltiplier _120 . The input resistance of the

R;1-G,
antenna-feeder system, Ry, usually has a value equal to the wave resistance of
the feeder, Wy equals 200 cm. The amplification factor G, of modern antennas
has baen rather carefully studied. Depending on the type of antenna, its magni-
tude can have vdues of from' & few units to several hundreds.

Table — see next page

s e A e T T P R i 0
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Iable_ Data rn electrical paramoters of a standard receiving feeder.

Kinds Lsad parameters conditicned
of Lead parameters in the case by the influence of a semi-~
af_an ideally condugtive ground |

apil | A

s | (o e ] | )] ok e P

uniis [ m

20 0,123

0.123

£=10 0.123

Egl 20 10,163 110 6610 Ce224 6610

o:10714 10 | 0.163 7745 1760 | 0.722 | 4760

€= 5 60 10.163 64.0 2910 1.052 2910

The multiplierst h%‘— for the feeder situated over semi-conductive 80il has

a complex relationship to the wave length A, the height of the fesder over the
ground's surface and the parameters of the soil.

4n analysis, which we omit because of its length, shows that in the high-
frequency range, at practically applied feeder heights h abova the ground, the
acting height of the feeder h3§ depends, basically, orly on the suspension height
of the feeder line and its conditions, and varies approximately from h, for lines
with large attenuation, to 4h, for lines with extremely smell attenuation, working
under the conditions ofa moving wave. This also gives us a notion as to the

magnitude of m &2 .

The expression for the multiplier 101/1”1 has the following form (see the
appendix);
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20 .
, ap (142220 — 4,
ol ——L S )
o= y ) Z e (2)
'm 2+ 5 (\—Ag Azt “Z..
'I*éu

PR

where Ag equals is the asymmetry cosfficient 1n terms of the emf's;

'AZ equals %%l‘ is the asymmetry coefficient in terms of the resistances;

M egualse _‘3‘7?‘1.’;',2,)15 the ratio of the middle btranch conductance to the total '
conductance of thz: side tranches of the tripole (fig.2);

iAjT(’ ZA}.@ is the input resistance of the antenna-feeder asystem in terms of
the anti~phasal and cophasal currents respectively;

i“ is the receiver's input resistance.

In formula 2, the basic parameters determining the degree of asymmetry are AE
and A;. Their adjustment permits us to symmetrize the receiver's input and essen—

tially to bring ratio ic]_/ITTl to zero. The receiver's input is only completely

symmetrical in the case where AE equals O and ‘Z equals O simultaneously. Ratio

icl/IWi equals O not only where 'AE equals C and Az equals O, but also where
. z
AE(l f «—.z-ﬁﬂr) equals Az,i.e. where there is mutusl compensation of asymmetry.
ax
Ratio Icl/ITrl also depends on ZA4>7T . ZAP c,
of chunging icl/ITTl by specially choosing these magnitudes isHghly restricted.
Indeed, 'ZMT,— and Z,, , for purposes of the maximm effectiveness of ths receiving

ia, and M. However, the possibility

system, are usually made equal to the wave resistance of the feeder. The magni-
tude of M cannot increase unlimitedly since the ]'nrasite leakages Z' and 29 princi-~
pally have final values. With regard to the resistance ’Zlfo, for the given con-
crete antenna-feeder system its magnitude is campletsly determined and canmot be
adjusted,

Expression 2 together with formula 1 allows us to find the magnitude of the

autenna effect of a symmetrical feeder developed owing to the asymmetry of the
receiver's inmput.
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CONCLUSION

On the basis of our study, we can draw the following conclusicus:

1, It is convenient to evaluate the magnitude of the feeder's antenna effect
by means of the so-called feedser recepticn fsctar, which, when replacing the re-—
celving schematic with the eguivalent transmitting schematic, 1s defired as the
ratio of the emisaion field intenslty of the feeder in the main direction to the
smigsion field intensity of the antenna in the main direction.

2. The f.r.f. is a complex function of the parameters and characteristics
of the antenna-feeder system and of the receiver's input.

3. The f.r.f. is nost evident as a function of the asymmetry coefficients of
the receiver's input, the antemna's amplification factor, the fesder's acting
height and the feeder's suspension height over ths ground's surface.

4. The asymmetry of the receiver's input should be characterized by two co-
efficients, which are called ths asymmstry coefficient in terms of the resistances
and the asymmetry coefficient in terms of the emf's.

5. The method of solving the problem, as proposed in this study, car easily
be generalized to the case of a transmitting antenna-feeder system.

APPENDIX
DERIVATION OF FORMULA FOR COPHASAL AND ANTI-PHASAL CURRENT RATIO IN FEEDER LIHES

Based on the fundamental theses of the theory of asymmetrical, electrically
connected lines developed by A. A. Pistolkors (2), we can present the equations
for the currents and potentials in the leads of a two-lead line (£ig.6) in the
following form:

Yy b 4Ty T = 24 2,1,
dx dx

. , o . ) (1)
L i, Vi—ba T EL =1 (B, V— by T
dx dx

mﬂvlmﬁzmmpountm'efludnlcndZnhun to the ground;
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where il and iz are tha currents in leads 1 and 2;

z,, iz, i12’ by, b, and by, are the complex parameters of the lins, equalling:

z, = (ry +ogy + rgl) tiw (Iy + Lgl);

253 (rp trgy t rgz) + 1oLy + ng);

2,3 (Togp t+ rglg) Fao, + Hglz);

bl = w0l bzzmcz; b12=‘°012

Elg.b.

Yaad T
0—-T

” Tleadz ’_[

Taking into consideration that in this study we are examining symmetrical
feedor lines, i.e. lines in which the leads have identical dismsters and are found
at an identical height above the ground, it is possible to eesume:

y= 2= 2, and b= by= Bo. (2)

Introducing desigratims:

V - V2 = Uy is the voltage betwssn the feeder's leads (the anti-phase

1
voltags);

HV,+ V) = Uo is the feader's potential relative to the ground:
}(iz - ‘Il) I 4is the anti-phasal current in each lead of the feeds;

(I + I1) = I, is the total cophasal current in the fesder,
and, taking into acoount correlation 2, we can give equation 1 the fcllowing

appearance:
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; 5 1 -
d/pn 5 5 Ve o " (Zot Zy)
dx =2 —ta)ly dx g oo
i af . di _ p
1851\ ot b U e =12 (bo— byUe
ax }

Equations 4 represent the customary equatims for a two-lead line (equations
for the anti-phasal wave of the current and voltage), while equations 5 are the
usual equations for a single-lead line having a return current path through the
ground (equation for the cophasal wave of the current and voltage).

Equations 4 and 5, as we know, have the following sclutions:

Ue = Acchicx + Beshicx

(jn_,i"ch}nx—i—BnShin" ‘

7)
. . Yo Setten e e (
jn_'—l—(Ansh1,,x+ Bpchyy x) lc= —FE(ACsh1Cx+BCch1Cx)

a

where v, = Vi(Zo+Zu) (bo— bia) is the propagation ccnatant of the anti-phasal

current;

b= 21/;M
bo+ By

anti-phasal current;

"is the characteristic resistance of the line for the

Te=V 1(Zo+ Zu) (be—b) 45 the propagation constant of the cophasal
current;

be= /l Zot+ 2y _
=V '%a.—be  is the characteristic resistance of the lins for

the cophasal current;
‘A:)i Bp; AcamBe , are the integration constants determimd from the problem's
bdund-ary"conditions.
At the conmection point of the feeder line to the antenna (where x equals 0)
ve have the following correlatiors between voltagos Ung Ug, and ourrents Iy o,

Icn N

oved for Release 2010/08/12 : CIA-RDP81-01043R00070015000:



i’llo - Ilh ZAII

(8)

1
Uco~ Ico 5 Zac

where Z,7v is the antenna's input resistance to the anti-phasal current wave;

Z is tho antonna's input resistance to the cophazal current wave.

AC
Introducing designations 2,,=pth®,; =~ 823  Zac=Pctheuc and applying

boundary conditions 8 to equations 6 and 7, we obtain, after some simple trans-—

formations:

' 3
2

sh (8 3
chony Oan+ig 2

Up=1tm

. . 1 .
Ip=Im _—chﬁA” ch B+ 17 =} ]

e )
Ue lmmsh(em+1cx)l

. . i .
fe=1loo e ch (8,¢c + 1¢ %) l

As we see from the previocus tables
ro & reot Lgp< Loir Mgis € Muss Tgo = Fgua ¥ L= Meao (1)
In addition. for feeder lines having e small distance betwsen leads in compari-
son with the wave length, we can assume that;
Frg BTz, (12)
Incorporating formulas 11 and 12, we can assums with a sufficient degree of
precision that:
. 2= .
T _i_k—-“"“ Py =Wao., 13)
vhere A is the wave length, Hﬁ the wave resistance of the feeder for the anti-

phasal carrent; ot

. 2o * &0
Pe = VWi Yo © T +im =B, + im (14)
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where Hc is the wave resistance of the feeder for the cophagal current;

Bc is the attenuation factor of the feeder for the cophasal wave,

The wave resiatance ‘Hc is caloculated from the farmulas:

2h e .
We =1201n VR l1‘:1. two-lead feoders

and
W= W; +120m 2: for four-lead feeders.

The designations of h, R, D and 4 correspond to those indicated in part 3.

The values of the attenuation factor | for the cophasal current of a standsrd
four-leed receiving feeder are given in graph form in fig.7. The graph applies
to & moist earth (0 = 10713 CGSM; € = 10) and to cess vhere the linear resistance
of the fesder's emission ry, can be ignored in relation to the effective linear
resistance r 0’ introduced into the feeder's lead by a semi-conductive ground, Ve
.note that in the high-frequency range, this is always valid if the length of the
gfeeder 1> 150-200 m.

Eig.Z.

In fig.8 we give a graph stowing the relationship between the wave resistance
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Uc of a standerd four-lead receiving feeder and the suspension height of the feeder

over the ground.
Pig.B.

Taking into account formulas 13 and 14, we can tring equations 9 and 10 into

the following form: !

Un_jm_!"_k_. sh (8 ;4 x)

ch 8,
1

Ty=Tus ch(B,; + 1 mx)
ch 8,

.. . We .
Uz,""' Iy —— sh (R¢ Fic o
2chbg,

1

ic = ]“"cﬁT ch(®ac +1¢ %)
A

There now remeins to determine the coefficients iGO aud i“O from the boundery
conditions on the other end of the feeder line whers x equals 1. For this let us
turn to fig.6. In view of the asymmetry of the tripole we cannot present the
boundary conditions on this end in the form of a simple correlation between the
anti-phasal current Iy, and the cophasal voltage ﬁc , as we did at the antenaa
ond of the feeder. In this case, the anti-phasal current will also depend on the
cophasal voltage, while the cophasal current will depend on the anti-rhasal volt-=
ags.
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In view of the above, the most convenient thing to do is to express Icl and
I, through the values of iln-md Vs which are bound up with ixm and Uy, by cor-
relations 3,

The boundary conditions vhere x equala lmbeamoauodthroughén a.nd\'TzL

in the following form:

P (E'—V,,\—(k'-i’,z)+_1_ E—~Vy  _E -V
m Z. 2 I Z

i E' —Py B —Vay
T + Z°

Expressing vlL and VZL through Uc1 and UTT.L according to formila 3, we can
transform formula 17 into the following form:

N E'— E* 1
ln,-—z—;—-f-—z‘ =

Fgym—

Substituting into formuias 15 and 16 the values of jﬂl and iCl from formla
(18), we obtain a system made up of two equations with two unknowns 'INO and ico’

from which it follows that:

Tno

«h eAlI -
N . w.Y (19)
;)] [ ch (B¢ +1cp) + ~C—,‘# sh (8 4c+Tc1)

7

a

E"\ wWeY,_ .
77 7)——-—-4() sh(6,c+ 1¢0)

A

A DA ey, o
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Teo
ch 8,0
(20)

(%4 %)[ch(a_‘,,wmn 42?‘ (4 +2Z.Y () sh (8, + imD)

A

N Wy
‘E: _2,,”__"_2&’_ sh (8,5 + iml)
Z

a

where [\ is the system's determinant,
s Yoy T ;
] le Z' Z"

Yi+)
Substituting into formmias 15 and 16 x equa’ls 1 and the values of i‘ITO and

ico, from formlas (19) and (20) afier some simple transformetion ws can obtain

ths following expression far icl/im’
Iy
IE
E' + EY _ 7' - Zn R E' + E" WE h (eAH + imD)
Bk 2 ez B En 7

Tign B e B0z _on W, ]
o1 - = ‘Z.’ e +— th (BAC + y_1)
Zu(z'+2"

‘;;H ‘('21 + i'.”) 2 E' - én

where Zgy 1s the ilnput resistance of the receiver, equal to in= Ty 2z

Designating the resistance of the antenna-feeder system to the anti-phasal
current through zAgaH = W? th(8 g + Iml) and to the cophasal current through

iAfo =W, th(am*#jc l) , and also, designating the ratio of the total of ewf's to
. 1 g"

their difference through Lg ogquals éE, fE“ s the ratio of the difference of

. o l_ 1)

the side branch resistances to their total through Az equals z +z.
M ‘ 3+ 2"

and the magnitude ___z_r__z___"_ through M, expression 21 can be written in

Zzu(z'+2")

the following form:

R e
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G. I. LEVITAN
Active Membar of the Soclety
RECTIFIERS WITH ELECTRONIC STABILIZATION
(A technique is suggested for the technical calculation of stabiliszation

limits for rectifiers with electronic stabilisation in terms of the given

variations of the line voltage, the load current and the adjustment limits of the
stabilized voltage.)
1. INTRODUCTION

Rectifiers with electronic stabilization are used very frequently at present.
However, literature on the subject does not give sufficient information o caloula-
ting the characteristics of this device in terms of the given conditions. ’

Usually one analyzes the device's stabilization factor, which characterizes
the variations of voitage or current at the device's input under conditions of pre-
assigned variations of the line voltsge or losd current.

However, of no less interest is the matter of the stabllization limits, i.e.
the extreme values of line voltagé load current at which the device operates normally,
as characterized by the given stabilization factor. In a rectifier with electronic
stabllization it 1s easy to adjust the stabilized voltage., The limits of possible
adjustment are bound up with the stabilization limits.

Calculation of stabilized rectifiers should be divided into two steps:
the first, calculation of the stabdlisation limits, and the second, calculation of
the stabilization factor. This article is devoted to the first calculation step,
vhich involves the matters emmsrated above,

Let us examine a rectifier built on kenotrons (J1;, M,) with a capacity
input (Fig.l), in its most customary form.
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Tube l..3 is a regulating tube which plays the part of an sutomatically varying
resistor absarbing the surplus rectified voltage E that augments both when the
line voltage U rises and when the load resistance R increases. Y is a d.c. amplifier.
We assume as known the performance of L 3» and the permissible power of dispersimn
on the anode. To obtain a greater stabilization factor, as the regulating tube we
can use ray tubes or pentodes (with a separate source of voltage for the screen
grid). When we have a triode comnection of these tubes, we must take account of
possible overheating in the screen grid, owing to which the permissible current
magnitude decreases.

Itis profitable to use tubes having minimum plate voltage at the assigned
current through the lamp and a grid voltage of zero. For example, in & double
triode 6H5C where e, equals O and e, equals 30 V, the anode current ig equals 0.2
amps. If the load current surpasses the magnitude of the permissible anode current
of the regulating tube, one hooks up several tubes in parallel or shunts the regula-
ting tube with an effective resistor Ry (fig.l). Sometimes one hooks up an in-
candescent lamp as the shunt Rg.

2. CHANGE OF RECTIFIED VOLTAGE E DURING CHANGE OF LINE VOLTAGE

It is usually considered that the rectified non-stebilized voltage E in a

stabilised kenotron rectifier (fig.l) sugments proportionally to the line voltage

(Bibl.l). This assumption is highly inaccurate since during the change of the

voltage amplitude of the phase winding Ugm, the rectified current Io remains constant

58
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(since stabilization occurs), while the cut—off angle & of the current through
the kenotron varies.

For two values of Usm and @ we can therefore write out the following correla-
tion:

Iy = %Efl! (sin®, — 8, cos 8,)= —:‘:— —’—""ﬂ (sin 8, — 6, cos 9,),
where r is the effective phase resistance (the internal resistance of the kenotron
and of the transformer's phase winding).
Hence:
sin®, — 8, cos B, — e
3in Oy — 6, cos @, Usm
(1)

i.e. change in the cut—off angle is determined solely by change in the voltage of
the phase winding.

On the other hand, the rectified voltage in these two cases equals:

Ey=Ugg,1c088, u £, = Ugmz2€08 0,
Let us designate:

a=EE, (2)
S = Uw,,/Uw,,,,. (3)
With sufficient accuracy for a techniml calculation we can assume that the
coefficient s characterizes the line voltage change and equals:
s=U,/U,. (4)
The coefficient o characterizes the augmentation of the non-stabilized

rectified voltage E during augmentation of the line voltage and with an unvaried
load.

It is evident that:
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Considering formula 1, we can say that the change of the rectified voltage o
i the simple function of & and of tho initiml value of the cut-off angle e
(for example, 61), regarded as a parameter. The relationships o = F(s) for
angles & from 30° to 60°, the most frequently applied in kenotron rectifiers,

are given in fig.2 for s< 1 and in fig.3 for s) 1.

Fig.2. Fig.de_

These graphs were calculated as follows., We constructed an auxiliary curve
P(0) equals sinb - Ocosd . According to the selected value afﬁl we determined the
magnitude of P(f;). This magnitude was multiplied by s, from which ve found the
value of P(f,)(from formula 1). From the same suxilisry curve we determined the

valus of 02, after which the coefficientd, corresponding to the given s, was
fournd from formula 5.
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As follows from the graphs,« differs the greater from s, the larger the
cut—off angle, i.e., the smaller the loed resistance of the kenotron rectifier,

It should be noted that a comparatively small error in determining o results in a
far larger error in determining the voltage on the regulating tube, and consequent-
ly, a greater error in determining the permissible (from the point of view of
losses at anode ‘[‘3) augnentation of voltage in the network.

In a hot—cathode rectifier, the cut—off angle is close to 90° and does not
vary when we change the voltage of the phase winding. Under these conditions, the
rectified voltage is proportional to the line voltage and we can assume that &
equals s.

3. CHANGE OF RECTIFIED VOLTAGE UPCH CHANGE OF LOAD CURRENT

If the line voltage remains unchanged while the load resistance R increases,
the load current will decrease at the same time as the voltage on the load should
remain constant. Under these conditions, as follows from fig. 4, the rectified
voltage E will augment, whereas the cut—off angle will decrease. We must take
into account that owing to the decrease of current across the phase winding, the
voltage on it will increase ;omwhat. We will characterize this voltage rise of
Ug¢m by the coefficient p, which exceeds unity by several percents. The magnitude of
P 1s the greater, the lower the power of the rectifier's transformer and the greater
the decrease of the load current:

P=UgmlUgm: 6)

In the case of cut—off angles that are smeller than 900, we can with sufficient

accuracy consider that the rectified current is proportional to the amplitude of

the current impulse across kenotron i,,, and to the cut-off angle 6 (2).
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Fig.4 (Gurrent across kenotron ¢ . Voltage on kenoctron—.)

Let us examine two systems occurring upon change of the load resistance., The
'

respective values of the currents and voltages are designated by subscripts 1 and 2.

Ty ="Kl 01, Joy = Kigp: By

Here k is some constant., From figure 5 1t;follovs that:
Ton= "ex(uam — Ey)S,
Iz = k03 (Ugm: — £3) 5,
whers S is the grid-plate characteristic of the kenotron.
We will characterize increase of the load resistance by the coefficient q,

which equals:
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. ‘7=’oﬂ/lor 7)

Under a complete break of load, vhere the current 102 equals zero, q -~

Evidently:
g=2 Upm—E _ 0 p—BE/Uym
& Uyyy —E, O 1—EfUypy

B == E,/E, (8)

is the coefficient characterizing the augmentation of rectified voltage under

break of load. Since E} equals Ug. , cos 9, then:

i (7'=.& 1 —cos®,
8, p—BcosH,

Expressing from this the unknown cutoff angle 92, we obtain:
p—Pcos®,
1 —cos ¥,

»91=991

On the other hand, coefficient p equals:
B‘:E"—" PUPm cosh, __ . COS8,
E, ({¢M|'c038, ‘cos®, ’

Substituting herein §, from formula 9, we finally get:

I —cos 8,
»— cose,)'

P
B cos 8, cos (q i

63
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The sought~for coefficient P is the function of q, for which p and 91 are the
perameters. From this formula we drew up the graphs shown in figures 5, 6 and 7.
From the graphs we sase thai voltage increamse under break of load is especially
intensive where q < 0.25 and is larger,the larger the cutoff angle in the kenolron

rectifier.

N
NN

0

In developing formmla 10, the presence of a governing tube in the device had
no influence whatsoever. The graphe for coefficient § are also suitable for cal-
culating unstabilized kenotron reetifierg.

4. ORDER OF CALCULATION

The proposed order of calculation is suitable for finding the stabilization
limits of the diagram shown in fig.l. To raise the stabilization coefficient, in
some circuits, one feeds into the amplifier's input a part of the wstabilized volt-
age E, The calculatin order does not change here since it refers to the rectifier,
the regulating tube and the loed.

For the calculation we must pre-assign:

64
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\

a) The nominal 1lins voltage U, the minimum line voltage Ul, the maximum line
voltage U,;
b) the maximum and minimum values of the stabilised voltage E(hx and E .

Gain
If adjustment of the stabilized voltaege is not required, then Eo i squals Ey;

¢) the maximum and minimum values of the load current Iomay and Iggin. If
ihe load does not vary, then Igmin equals I0 -
The calculation should be made in the following way:

1. We determine the coeffinients:

si=U/U, a1)
s;= UfU,

fomin + 8 1s
Lo+A7, (13)

where AIO is the current branching off from cathode L3 and ot going into the

(12)
q m

load, (For example, the current for feeding the volt stabilizer (stabilovolt)
in the circuit of the stabilized rectifier itself.)

2. We select, proceeding from a current Ig F AIO, the type and orientative
number of regulating tubes. In terms of the characteristics of this tube we
determine the minimum voltage drop in tube €aminsy Proceeding from the current
across the tube (the current I / AIO divided by the nmumber of regulating tubes)
and the minimum negative displacement @ the tube's grid 8, equals (6—-5)V,

3. W¥a calculate the phase voltage Ugmy and the cutoff angle 8] in the keno-
tron rectifier giving off a cuwrrent Ig # A1, and a voltage Ep:

Ei=Eq max + €5 min+ (lo+81)re, (14)
where rL is the effective resistance of the filter's choks (fig.1l). We consider
the 1line voltage &s equal to Uj.

4. In terms of tlie calculated cutoff angle 81 and in terms of the pre-assigned
coefficient 8y, we determine from the graph in fig.2 the coefficient« 1’ and
then the rectified voltage E ocowrring at the nominal line voltage equals to U:

E=Efa. as)

65
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Under thess conditions we will bave & outoff angle 8 that is determined from

7 sorrelation 5. Let us reurite this expression in the following form:

: ‘cos @ - %‘; cos©,.. ) o 26)

Knovingf and s,, we deternine the cosfficient i, from the graph of fig.3. :

: Henoe, the rectified voltage E, and the cutoffmgloezntﬁmnxi-nnmvolt‘pg
U, will be: o oF,

Qa7

(18)

5. We assign, in relation to the power of the transformer and the magnitude

(cos8, = 2L cos 0.
S

 of coefficlient q, an suxiliary coefficlent p lying within the limits p equals 1.01 :
to 1.1. In terms of a known q,0 and p we determine cosfficient § (figures 5,%
and 7) and then the meximum rectified voltage E__  ocourring at the maximm line
voltage U, and the minimum load current Igy;,:
" Eny—BEs (19)
6. The maximm voltage drop on the regulating tubes s will ocour uhen,

in the conditions of paragraph 5, we establish the minimum stabilised voltage:

4 msx = Eaar — Eo min— Tt (g it 810)- (20)

In terms of the characteristics of the regulating tube vo determine the carres—
ponding zaximmm negative displacement on the grid of lumps .a-x‘. We must verify
whetber the cbtaimment of such a potential is guaranteed in the stabilised
rectifier's ecircuit., In particular, for the widely applied schematic shown in
£1g.8, the cathode potential of tubs L1 should be lower than:

Ex=Eam;,“"e "'eemax l. (ﬂ)
Hore ®acou 1is the anode-cathode voltage of L‘ vhere the voltage between the
grid and cathode equals sero. It is usually small — around 5 to 20 V.

To obtain a high stability, the cathode potential of 1, should be raised.

If this is impossible, itis advisable to hook up an additional stabilovolt, as

66
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7. We make a check on the allowability of dispersion on the enodes of regu-
lating tubes at the power ocowrring under meaximum line voltage U2, maximum current
Io + ATy and minimum stabilized voltage Eq, :

Py ie =[Es — Eomin— 75, Uomax + 81 Usmax +270)- (22)

chapmpcln-pummmiaaiblopmr,mmgtmmm
mumber of regulating tubea or use more powerful tubes, or, finally, reconsider
the technical problem, 3

8. In calculating, acomnt must be taken of the following:

The rectifier's iransformer must, in its construction, be adapted to work at
the maximm line voltege Up, the rectified voltage Ep and the curremt I
Aly. The -x:l-n.- reverse voltage in the rectifier occurs at 1line voltage U,.

The anode-grid space of the regulating tube should be able to bear a voltage
of log max! * 10¢ mel-

The condensers of the rectifisr's filter should be prepared for a working
voltage of Egey
5. PECULIARITIES OF CALCULATING A STABILIZED RECTIFIER IN THE PRESENCE OF A

SHUNTED REGULATING TUBK.

As was-shown in Bibl, 1, the hooking up of & shunt results in a deereass of .

67
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. the stabilisation factor and en -.upntuf.ion of the internal resistance of the }
; i
H

i

" stabilised rectifier. This drawbeck osn be sliminated by increasing the amplifica~:

tion factor of the amplifier. %

However, the basic drawback of this system 1s the parrowed stabilisation limits:

brought into effeot by hooking up the shunt. ?

At the minimm rectified voltage E equals Enin, the negetive voltage on the
@rid of the governing tube is minimm, the current I, passing across the tube is
maximum (I. oquals I ux)' vhereas the voltage drop e, on the tubs is minimam.,

In this case we can write out:

E w=Es+ € min:

PO mra I
1, R +

@ max

Hence:

R — %3 min
“ fo—1g wax

Let us introduce coefficient t, which shows what part of the rectified current
is passed across the regulating tube (t< 1)

t=1L, ny (1o (23)
Thus
R_=— €3 min . :
- Lo(1 —t¢) . (24)

At the maximum voltage E equals !-x the imptin voltage on the grid of the
td
governing tube is maximum, the current I. is minimm (e.g. oqual to sero), whereas

thowlugodroponth.tnboo‘hnxim. In this case we can write:

. Emu -E, + €,

,..,,'.Io-s———ﬂ—"'n'" ; I,=0.
-

* ‘, -
Hence:
ea may T _"l'.'i_“,f‘ N
Let us designate that:
' (25
1= E pay ' E nin- )
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Coefficient ‘om‘ctor:l.ud the width of the stabilisation limits of the mten.;f

Evidently, the following i nequality nhan}d be observed: !

< (26)

1
From the above expression we get: ;
’ g min (27)
_ YtERa-n,
14 ‘nEl:u'n

1—1
S
1+ ¢4 m‘n/En

The wider the required stabilization limits (the greater y is),the greater
nust be coefficient t, i.e. the greater the amount of rectified current that
must be passed through the governing tube.

As shown in Bibl, 1, the maximm dispersion power on the anode of the govera—

ing tube ocours at a rectified voltage equal to:

. Ruls -
Eu"—‘—Eo-r ;o-

Substituting herein Ry from formula 24, ve get:

E,fp=Ea+ oo (29)
Ee:r is alvays less than B . If t > 0.5, then Eu') Epin and the dispersion

max
power or the snode reaches a maximm at E = Egr:

Ig Ru lo€a min

Pems = =5 =00 20 | (30)
Ir t <0.5, then E°’<Bnin' Under these conditions, the dispersion power is
greatest at the maximum voltage E equals Epin:

Poax = Ho€omin (31)

Calculation of the stabilisation limits of a stabilised rectifier with a

shunt is conducted basically the same as wiLhout a shunt (section 4) exospt for
following differences.
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a) in point 2, the type, number dr‘zultting tubes and voltage drop in them

"o‘mmnotdomdinumofﬂu‘tot‘lc\mtlo+ AIobnti.numor

Dymin =tUo 4 3y).

the anode current of the governing tube:

Thempih;dooftahmldhdcmmdtrnfnh%mumadth
orientative magnitude of i close to the product of a3 °‘2ﬁ.
b) After determining, in points 2, 3, 4,and 5, the coefficients “1 o<y u:dp ,
it must be made certain that the following correlation is fulfilled:
22,3 < 7.
If this is not 8o, one mist alter cosfficient t.

Here we must calculate y from a forsmla that is more accurate than formule 27:

4
1—:¢ I amin
| 4 Samin 1a max

Ey 1—z¢ (30)

€ min
1+ £,

Ty min e (0,150,2) fammas -

o) When detarmining, in point 6, the voltage drop on the tube ®y max and the
voltage on the grid oy max’ we must substitute the cwrrent I_ ;. instead of the
current (Ig + AIO). »

d) The check on the dispersion power on the anodes of the regulating tubes is
done under the conditions of point 7. Here the power is calculated from formula
30 of 31, depending on the magnitude of t.

Article received by the Editcrs on Felruary 8, 1954.
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S.9.K0CAN
Aative Msmber of the Society
NARROW-BAND QUARTZ FILTERS FCR INTER-TUBE CONMECTIONS

(The article presesis a method for calculating narrow-band quarts filters for
inter—tube sonnsctions residing in the duplication of the gchematic charac—
teristics of phase circuits. The filters are constructed in terms of an
asymmetricsl asystem using quarts resonators vith divided electrodes.

The proposed method makes it posaible to determine what characteristics
of effective attemuation and phase reversal can be obtaipsd in parrow-bend

quarts filters, which considerably fscilitates their calculation and the ael-

ection of optimum parameters.

Formulas are given for calculating the characteristics of narrov—band

quarts filters, taking into account losses in the resonators. )

In the technology of communication it is often necessary to separate

an extremely narrow frequency spscirum or a single frequency with the aim of

analysing or adjusting the sigoal. It is for this purpose that we use narrow—
band quarts filters.

Narrow-band filters can be comstructed in terms of a symmstrical or an asym~
metrical schems. For inter—tube connections, it is preferable to construst nar-
row band filters in the asymmetrical schems since in this case there is no need
to assure symmetrical loeds for the filter.

The availability of industrially designed, highly stable vacuum quarts
sesonators with divided electrodes (fig.la) facilitates the construction of such
filters.

An equivalent diagram of the quarts resonator is given im fig.lb, It pos~
two r frequencies:
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The magnitude of the ratio C3/C2 is determined by the piesoelectric properties
of the quarts and satisfies the condition:
o .
< < 0,0072;
therefore, with a high degree of 'acmcy:

Ares __ Cr 00,0038,
h 2Cy

Af e =fant — 1

Joining to terminals A and B the capacity AC2, ws can unlimitedly approsch
y to the r freq ,withoutvnryingflinthil

the anti-r freq
process. Let the capacity joined parallel to Ca bs equal to AC; and the new
anti-r freq y equal to fz. Then:

Afh:Af"“_Cﬁ—C“ZC"- (1)

where Afxz=fz—‘f1~

The capacity C, is comp
layers 1——3 and 2-=4 of the quarts plate and the capacity between the lead-out
In eonstructing rescnators one tends to meks the lat-

d of the static capacity between the mstallicised

wvires of the quarts-holder.
ter capacity as smsll as possible so as to obtain a meximum difference of A 212.

Eig.2. - see next page
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The equiialent disgram of the rescnator contains also a loss resistance,
r); bhowever, its magnitude is such that its rating is calculated in tens of

thousands of units and, at the least, satisfios the condition:

Q= 21 > 15000,
£}

Hereafter we will not present the resistance r,, assuwing that tihe rescmator's
equivalent diagram represents an idsal three—element circuit. The influsncs of
losses on the filter's performance will be taken into account separately.

The equivalent diagram of the gquarts resonator with divided elestrodes under

conditions of asymmetric connection (Bibl.3) 14 givem in fig.2.

&

2

The capacities C;, and Cu are somposed of the static capacity betwsen the

The capasity C,, =C, =

corresponding metailisation layers and the capscity between the lesd~cut wires
of the quarts-holder. Here we pre-suppose that the resonator ig constructed in
such a way that capacity C12 = cu. ,
The static capacity between metallization layers 1—2 or 1--=4 is inappreciable.
The capacity between lead-out wires 1-—4 is smaller than the capacity between
lead-out wires 1--2, which is caused by the construction of the quarts-hclder, in
which the distance between lead-out wires 1—4 1is greater than betwsen 1—2,
The presemce of perasite capscities 1-—2 and 1—4 lowers the anti-rescmance
frequency of the serias arm of the bridge diagras in £ig.2 in compariscn with the
diagram in fig.l1. The magnitude of the difference will be:

T4
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H
&
t

C
A = —_—
Sin=8res Cis+Cin+2C (2

Augmenting the ospacities of c13 and cu by hooking up additionsl oadensers
4¢)5 = Acz‘,moanvu'y Afntouunlhiudly—ll-pitﬂo; here:
Afie=08F i 3)

. Cis+Cu+2 C..‘FAC,'
We know that the disgram in fig.2 represents a band filter vith maximom fre-—

quencies of f£7 and fp.

Thus, by augmenting the magnitudes of C,;and G, by hooking up .Ac13 = Acy,

on the sids of the input and mtput, it is easy to obtain the necesassry difference
of maximum frequencies, in this way adjusting the effective band of filter peassage
in conformity with the pre-assigned requirements.

The simplest formulas for calculating the charscteristics snd elemsmts of a
filter are obtained when using the method of forming band filters by means of
asymmetrical disgrem transformaticn ofhase circuits of the s type (1).

Eg.i.

As we know, the tridge disgram in fig.2 can be obtained as the result of the
asymmetrical transformstion of a t&—'typo phase circuit. If we adopt that o= 1,
i,e. if we study the transformation of an e lementary phass cireuit having normal-
ized induckance and capacity constants equal to unity, we obtain a bridge disgram

(£ig.3) it which the conductance of the series crm:

1 P+ 5 v, 1
Y, = r 14 P *2' qr L qr o+ 1 ’
vhile the conductance of the parallel arm: x5 - 8- x‘}p,
Y,=1p. : ]
r
75
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Bvidently:

T=V’_:_‘T‘ ; %= V’:’;Bz B

(5)
1 [
= e Xy = X LI
Xy Varw s X2 1V1~f— ‘:
From a comparison of figures 2 and 3, we see that thelr cheracteristics are

jdentical if we assume that:

Cn’*‘cu‘{’QCu:ﬁlC; 2L, =a,L; N ()
C,

Cyz+ Cra=B8:C: ?'=?| C,

— 1. __ I
we =2 fo; f0=>‘/f|.fl; Xy = 7:" xl——,:'

The filter's frequencies are bound up with the frequencies of the phase

p=Tl/P_":_‘i' )
P+ 2

At ths two corresponding frequencies, p and p', the transmissicn constants

ecirzuit by the correlation:

of the filter and the phase circuit are jdentical; we therefors say that the
characteristic of the filter's transmission constant duplicates the characterias-
tic of the phase circuit's iranswission constant from which it is formed,

The characteristic of the filter's patural damping in the retention band is
obtained owing to the ch racteristic duplication of the phase eirouit’s matursl
damping for real values of p(p equals d). Since p' equals ix, then:

76
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d=1v/7:;?.; (8)

The frequencies of the filter's rotention band situated lower than the pasa—

through bnnd(0<')g<x1), correspond to the frequencies of the phase circuit on

2
segment yX; : 0. This folbws directly from formula 7, where it must be assumed

that p! varies from O to ix;.

It can bs shown analogically that the frequencies of the filter's retention
band situated above the pass—through band (x, <X < ©), cerresponds to the fre-
quencies of the phase circuit cn segment ~ + ¥ of a real axis.

Tho cheracterisiic of the filter's hase constant in the pass—through band
is obtained owing to the duplication of the circuit thase constant's characteria-
tic oscurring at imaginary values of p, i.e. real frequencies y.

Since p' equals ix, then:

E=r]

y=1V 5.

(9
The damping of the elementary phase circuit at frequency d is equal to:
b == ] }"_*_! ’
p=lo 11, 0)
whereas the phase constant of the elementary phase circuit at frequency y is
equal to:

a,=2acrtgy. (1)

Since the frequency difference f; - f; does not exceed 0,0036 f}, the magni-
tudes of x) and x, are very close to unity. In this connection, the above formmlas

can be considerably simplified, Let us designate:
. h—t S 5
f—tfemtfs BShag m=gF-
We will assume that x, + x=~x, + X; ;Oz%ﬂ;
B 1/ _Ca¥Cn__ __ Cu =
T-V [ V Cu”‘.cu‘f"'lcu =1- T+ Cuis + 2C1e

m
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since

Ci K Cyy+ Cus
Incorporating the approximations, we obtain:

d=1)/ -, {13)
y=V2, . (1)

&
7=t (5)
for the retertiom band, and: & —7

_r—1 ’
T=ai (16)

for the pass—through band.

The magnitude of Af represents the distance from the middle of the pass—ihrough
band fg to the maximum frequency, whereas the magnitude of §f is the distance from
the middle of the pass—through band tc the investigated freqency. Under these
conditions, at the middle frequency of the band filter }= 0, while at the maxi-
mum frequencies 1=+ 1. Thus, the frequencies of the quartz filter are bound

up with the frequencies of the phase ecircuit by a very simple relationship.

Bigadea
Ly

Assigning ourselves the values of d and y, from formlas 10 and 11 it is easy
to determine the damping and phase canstant, vwhile from formulss 15 and 16 — the
corresponding frequencies of the frilter in scﬂ.ﬂ‘l . In fig.4 we show the damping
cheracteristic of the elementary phase oireuit on real axis d of plane p. On
axis d is plotted the logarithmic scale in relation to the point d equals 1.

In view of the damping symmetry of the elementary phase circuit with respect

78
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to point d equals 1, at two frequenscies of the filter corresponding to mutually !
ccnverse valuss of d and situated on both sides of the pass~through band, the Gamp~':
ing will be identieal.

The characteristic resistance of the filter equals:

zo—)/ A
P P2+ x

In order for the characteristic resistance at the middle frequenny of the pass—
through band to be equal to the load resistance, it is necessary, as we know to
assume r equal to x,. Under these conditions, the load resistance is adopted as
equal to unity (1). As a result:

Z— i /2= an
x ¥ X — x§
Making use of formulas 8 and 9, and also the approximations i ntroduced above,
it is easy to show that for the pass-through band, with a great degree of acouracy:
Z=y, (18)
Analogically, for the characteristic resistance in the retenticn bend, we get:

d

Z=_1i .
T a9)

In the vieinity of the pass—through band, with a great degree of accuracy:

z =—id. . (20)

When we connect a filter into the circwit, and particularly into the intér-stage
connection, its characteristics will be determined by the vorking parameters de-
termined by the characteristic parameters and lcad resistances.

In the pass-through bend, the effective danmping is also influenced by losses in
the filter's elements. Hereaftor, however, we will designate by bp the effective
(operating) damping without regard taken for losses. The effective damping with
regard taken for losses will be designated by by +by .

To determins the effective demping and effective phase reversal of the sym~
metrical diagram (1) itis convenient to maks use of the following expression:

&}

ved for Release 2010/08/12 : CIA-RDP81-01043R00070015000:




N st

Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150005-9 ’

2p 1 P 1\ ' ) 1] 1 2
=] — —f Z — 2 o — ch? 2
e 4( z) sh’g=ch*g (Z+ ) sh?g. (@)

This expressicn can evidently be presented in the form of the product of tw

conjugated maltipliers:

ep == fP . 5P,

where
& =chg+—12—( z+ %)Shg»

g - bp + lap is the working measure of transmiassion,

g = b+ ia is the transmissior constant.

Hereafter we will examine a system consisting of identical elementary links
obtained, for exampls, through the cascade connectien of resonators (£ig.9). The
transmission constant of such a system in the retentim bani equals Nb; + iNRr
up to the pole of natural damping and Nb, + 10 at frequencies situated above the
pole of natural damping, whers b, 1s the natural damping of one elementery link.

Therefors, in the retention band chg equals chb, shg eqmals shb we can write:

fp 1 L
e? = ch Nb, + (z+ Z)shNb,.
Since for dampings occurring in the guaranteed retention band:

»

ch Nb, =~ sh Nb,~ 5,

2y’ Z,

Er __ oV (z +1 ):= oMt + g ¥ 13, .

g ==1In A AT ]; a‘,=2arc———2z'*;I .

b,
2vZ

Therefore:

b,=Nb,+2b,,- _
According to formula 19, in the retention bend, Z equals -i—i* , while in the

guaranteed retention bend situated in the vicinity of the pase~through bend of
the narrov-band filter, xx1, whersupon d approsches unity; we therefore get:

(R E I P .
/Tf‘ 0,345 nep .

* b ninlz

80
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Thus, wve have a highly simple expression for the effective damping of the
narrovband filter in a large frequeney range (large in terms of absolute magni-
tude and also the most interesting range for us) of the retention band, namely:

8, =Nb,— 0,60 nep | (24)
Outside this region, as nppraa;h ;s ma:de tovard x=0and x=aod:
(25)

and thersfore the damping effect conditioned on reflection can only increase,
since d + 1. Wbere x equals O and x equals oo we have an effective damping pole
of the filter that is independent of the natural damping pole conditicened on the anti-
resonance frequency of the resonmater (fig.2).

Let us determine the effective damping of the narrow-band filter in th‘e
pass-through band. Since, in ths pass—through band, g equals O plus iNa, i.e.
b equals 0, then: e = cos Na, + 1 —;«(Z + —‘z—) sin Na,,
(26)
(27)
(28)

1 1\
=14+ —{(2Z—— 2
a, ‘.+ 5 (Z z)uin Na,,
a, = arctg [—;—(Z—}- —%)tha, ]
According to formules 18 and 11, 2 equals y equals tg %’ , and therefore we
can write:

sin Na.

e, (29)
_ tg Na,
a,= arctg sinay (30)

Since the limit frequencies of the filter x3 and x2 correspond to frequencies

=1+

¥ equals O and y equals o in the phese circuit, et limit frequencies a, equals O
and a, equalsT; therefore, as approach is made toward the limit frequencies,
expression 29 approaches the limit:

- Fr i an

vhoma expression 30 approaches the limit ap equals arotgh for x equals x;

81
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Aot s

and ap equals Ms— arotgl for x equals Xoe
Consequently, at the limit frequenc es the offective damping is determined f’ron;

the formula: . .
b, = —2—ln(l -+ N2),
From formuls 29 we see that at those Irequencies of the pass—through band at

which sinla, equals O, i.e.a, equals ‘!:‘—‘-, vhere v equale 1, 2, 3...N - 1, the effec-

tive damping equals sero,
Since y equals tg %! , then:
n=;‘:::==—cosa,, (31)

1]=._.cosl_
N

and therefore the effective damping equals zero where:
(32)
sinNg,= + 1, thena, equnls_(%;——l)— ,vhere v equals 1,

If we assume that

Under these conditions:
(33)

1
bp-=ln——————. v

2...N.
sin——— %

This damping magnitude ocours vhere
_ {2v— 1)

n= cos -————2N LS (34)

Making use of the resultant formulas, we will write out expressions for b

vhere N equals 1, 2, 3.
(35)

For N = 1:
1 2
b,==—2—ln(1 + 7?).

(36)

For N = 2;
b’_.‘;—m(1+4n‘)-

b, == In[1 = (42 — 1.
(37)

For N = 3.
In £ig.5 we give the characteristlcs of effective demping i n the pass~through—

82
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Elg.5.

Regardless of the number of e}mntu-y 11“5’«: for the given value of |r1l <1,
¢
the maximum demping magnitude is determined from the followifig correlation:

.

Therefore, in the most unfavorable case, where sinlia , equals + 1 and where

N 1 0.7, irregularity of damping in the frequensy band —0.71<N< 0.71 does
not exceed 0.35 nep. The frequengy band with such demping irregularity is the
effective band for many practical problems.

In the narrow-band filter's equivalent diagram, we assumed that there are no
energy losses in the resonator. In actuality, as we see from fig.l, in series
with the resonance circuit 17Cy, there is hooked up a loas resistance that can be
referred over toc the inductance L}, and we can assume that the capacities of the

resonator's equivalent diagram are idesl, whereas the irductance has a figurs of

83
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merit Q,mﬂéﬁ‘
ry

Where there are losses in the filter's elements, the working measure of
transmission can be presented ir the form of a converging series:
- g, (p') 1 @) p
f— GaptP ) — 2L di ...,
&P d)=g, () + =+ 5 o
where (1):
d, 4 d, 1 1 1 1
PSS, oL W ( LI __) _—
=72 T2 lea e
gp(p', d) is the working measure of transmission in tke presence of losses,

’ (38)

gp(p') is the working measure of transmission in the absence of losses,

Q is the figure of merit of inductances,

Q; is the figure of merit of capacitances.

In our case, 1/Qz == 0, and therefore Q equals Q.

Since particular points of the iransmission measure are only the damping poles,
the convergence of this series ococuras up to frequencies situated in the vieinity

of d of the damping pole. Thus, the convergence region of the function series of

i
the transmission measure is considerably wider than that of the function series of

the transmission constant, Where the damping pole.is sufficiently dlstance from the
maximum frequency of the filter, the resultant series also converges at the maximum
frequency. Limiting ourselves to two terms from series 38, we get:
g,,(p'.d)=b,+d%+i<a,,- d%).
Thus, owing to losses in the elements, the effectivs damping in the pass—through
band increases by the following magnitude:

b =g 1 98 (39)

Jx 2Q ax
When the operating phase reversal in the pass—through band is little different

norse

from the natural phase reversal, we can write:

1 da dz 1 [k}
T e« —£& . ~ —
moise= 55 or ax = 2q ox %0
For band filters with an input resistance class> 2, this formula is adequate

b

since the echo damping in the effective pass-through bend is large enough so thet
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4+ (2 +%) ? 1; therefore, according to formula 28, apxs a.

In a narrowband qusrts filter, the characteristic resistance class oquals 1,
and therefore the operating phase reversal is greatly different from the natural
phase revarsel. The characteristics of the operating and natural phase reversal
of a narrow-band quartz filter for N equals 1 is given in fig.6.

Using expresslon 30, it is easy ‘o determine:

9ap __ 2N sin a, — cos a, sin 2Na,

in3
9a, 2 sin%a, (l + S lv;::a, )
»

since a equals Na, .

In addition, as we know (1), for the elementary link of a band filter:
da, __ x(F4=A) ¥ (42)
T ) (A THn

22 _ N2,

0x ox

Since the frequencies of a bard filter are bound up with the frequencies
a phase circuit by the correlation (1):

1’:‘ p’x2
x = Tl & X+ (G —x) _1, .

then for the pasn-t.hrough band, assuming that p equals 1y andxo-‘. 1, we have:

— y’ .
—Xx—\xa x,) Y1

x—x=(xd—x)

Elg.ba

'
Y+l
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Consequently:

g1
~ sn (43)

vhere n equals RS S equals fo - is the ratio of the averags

x3— Xi Is—h
ﬁequsnc:“.}' of the filter's pass — through band to the difference of maximum fregquen-—

cies.

Making uae of the resultant expressions, we can write:
n 2N sina, —cota,3in2Na, .

i
siata, 1+ i‘L_"_L>

\ g e, (44)

: 5T
For the average frequency (y equals 1) a; equals 3, and therefore:
boire = N 2 (45)
Q

naise

For the msximum frequencies, revealing the indefinitensss in expression 44,

ve find that:
b= N 423
e Q314N (46)
Yor frequencies at vhich sin Na,=0, ’

n 1

brone=N o g

For frequencies at which sir{Na,: +1,

86
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For N equals 1, 2, 3 we can write ocut Hghly simple formulas for calculating
the damping effect conditionod on the losses:

1

bno«':e 147

14279
1+4dns

P 34 1648
moieTQ 1w (am—1p

Bpoie™= °

ERE2REBEREE

In fig.7 we give the damping characteristics of a narrow-band quarts filter,
as caaditidod on &Mulh the resomators, vhile in fig. 8 we give the sum

87
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-1

of dampings of narrow-band quarts filters in the pass-through band, as conditioned [
on reflection and losses in the resonators. i

The afore-established approximstions alse permit a considerable simplification
of the formulas for calculating the elements of fig.3.

Thus, formules 4 can be rewritten i the following form:

BelB=lhas RS 2= T (50)

The cut type ard size of the quartz plate for a narrow-band filter are de-
termined, when designing ths resonater, by a number of considerations bound up
with the temperature coefficient, the absence of additional resonance frequencies
close to the basic ome, by the production conditions,ets. Therefore, when d;aign—
ing narrow-band quartsz filters one can widely vary the magnitude of the equivalent
inductance. However, after the final paramsters of the resonator have been adopted,
they must be exactly repeated in the subsequent production so that the filter con-
nectad between the adopted load resistances might have characteristics that are
close to the rated ones.
Elg.9.

R

10—}

<)

Tre

L 2, . 2l .
R L T[] L Tf] rL A
A”I%—:‘j Ij[I—" ST T4

a
'

The load resistances are determined in the following way:
Let us take & given resonator. Having measured the capacitances of €12, 613
ard C34, and also o dfr“, we can determine with formula 3 the additionsl cap~

88
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acitance of Acn, which must be included in the circuit in order to obiain the
neceesary difference of limit frequencies A!‘lz. Further, from formulas 6 and
50 wo get:

C=V(C,2+C,,+AC,, +2C)(Cia + C i3 +AC,) = (51)
=Chp+C3+AC, +C,.

the load resistance:

Since the unit capacitance C equals R] ,
we
1
. w C ’
The filter's diagram for inter—tube connections, this disgram comsisting of

CR—

two and three cascad ted r tors, is shown in fig.9. The resistances
Bl ) RZ,R3 and R‘ satisfy the condition:
Ry +R,=R,+R,=R,

where Rl is the load resistance of the anode ecirecuit, and Rl. the resistance
connscted between the grid and ground of the next cascade. The ratio Ry/R and
RA/‘R can be selected with such a magnitude that the esnode-ground and grid-ground
tube capacitances, recalculated into the filter's diagram, are less than the
capacitance of AC,j. )

The damping by voltage between input 1 and output 4 of the inter—tube connect-
ion equals:

'
4

~Exanpla.

Let us say that \mnuz;t conatruct a2 narrow-band quarts filter for inter—tube
connections having the following characteristics:

1l. Effective pass-through band of the filter 40 cps where the middle fre-
quency is situated withim 50,000 I 25 cps. The filter's damping difference at the
extreme frequencios of the eftective pass-through bend and at the middle frequency
should not exceed 0.35 nep.

2. It is desirable that the damping irregularity in the !‘roq\uncy band fo zA )

89
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+ 10 cps, should not exceed 0.02 nep.
3. The damping in the retention bsrd at a frequency that is 3f equals r
280 ops. away from the middle frequency ahould be > 7 nep.

4. The filter should be constructed in an asymmetrical gchome., Let us ssaign '

ourselves a coefficient of pase-through band use of 0.71. Then:

Li—h

Ao
0,71 ) .
To construct the filter we use a resonator with a 5% cut since the temperature

- 56 cps

coefficient of suck e reasonator does not exceed 1.5—2.10'6.

Let us say we have resonators with a resonance frequency of 55,975 cps. Ql
equals 50,000, Cy3 equals Cp4 equals 7 £, Cy, equals 2.7 £, cu equals 0.8 f,
Afrqg oquals 196 ops., Aflzaqu-ls 121 cps.

Since the middle frequenoy of the filter equals 55,975 + 28 cps. equals
56,003 cps. and is foundin the pre-assigned limits of 50,000 X 25 cps., the
resonator can be adopted for calculating the asaigned filter (Footn.a). Afy2
= 121 ops. is the maximum difference between the filter's limit frequencies that
can be obtained in the given circui@ ihrough the use of the given type of resona~
tor. Since this difference excoeds the required one, then by means of adding a
supplementary capacitance L\C13 we can decrease it to 56 cps.

Making use of correlation 3, wé detormine ithat A°13 =13.3 f, With the aid
of formuls 12 we determine that Y equals 0.9675, which proves te be very close o
unity.

The projected circuit should possess an operating damping of 7 nep. where:

7 -rag=x10
which in the plans of the phase circuiis corresponds to:
'a-1l/m_11,los*‘. i
n—1
Since the parameter otxis closs to unity, d has approximately two mutually

reverss valuss, From the graph in Fig.4 we see that for these values of d, tas
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damping of the phase circuit equals 3.0 nep. Since to obtain an cperating damping
of 7nep. we must, scccrding to formuls 24,have a natural dsmping of 7.69 mep., ‘
then svidently we musti use at least thres elementary links or, whioch is the same
thing, thres resomatars.

Caloulation of the characteristics can be done easiest in the following manner:
we et curselves an operating damping of the filter and determine the frequenciss
at which it occurs.

The filter has tkrzs frequencies of infinite natural damping. Ome frequency
coincides with the frequency of infinite natural damping cceurring when the re-—
sistances of the tridge's arms are equai. In the plans of the phase circuits it
ocours where d equals 1, and therefore, according to formmla 15:

a1~ 1+

e

Consequently:

2 Ao = A f oo = 20.8-28 = 835 cps

Two frequencies of infinite operating damping ocour where x equals O ard x
equals oo since at these frequencies the characteristic resistance equals o2
or 0; therefors, ths damping of reflection equalsoo.

Let us determins the frequencies at which the oporating damping equals 7 nep.,
i.e. the natural damping equals 7.69 nep.

Since all links are identical, the natural damping of one link equals 2.57 nep.
The phase circuit has a damping of 2.57 nep. at iwo freyuencies situated sywme-—
triecally in relation to the pole.

Since the pole is uitunt:d at point d equals 1, these two frequsncies satisfy
“the condition:

dy, equals —d\:.

where 4, and 4, are frequencies at which there is identicel matwral damping of the

9
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- phage circuit.

According to formula 10:

e® —1 2
= = — ——
e 41 et 41

da = 0,857,

4= o116
df

Consequently according to formmla 15:

B, = —25-83 = — 232 cps
B gy =+ 25-54 = 151 cps
Anslogically, assigning ourselves other damping magnitudes, we obtain thse
corresponding value of §f. For large damping values, ths magnitude of d will
approach 1,
The filter's damping in the pass—through band is clear from the curves given
in Fig.8. At the middle frequency:

Baisem 3 = 3.

00
Q@ = oo = 0% ner

Frequencies fo ~ 20 ops. correspond to7] equals 0.71, whersas f i 10 cps.
correspond toTequals _ 0.356., Thus, the characterisiics of the filter satisfy
the stated requirements,

Further, we determine the unit capacitarce C from formula 51:

C=238f¢

Consequently:

043R00070015000:




1

1
R=1C = Tasco s

= 120 00Q Chm

Therefore:

R+ Ry = Ry + R, = 120000 0hm

Let us assume that the anode—grid or grid-cathode capacitance in the inter—

cascade connection equals~15f, Then, adopting RI/R = RA = 0,1, we obtain a

capacitance, recalculated into the filter, equal to 1.5 f. Therefore, we can take ;

the additional capacitance AC13 as equal to ~12 f.

The damping by voltage between input 1 and output 4 of the inter-cascade
connection, according to formula 52, equals:

B =294 by+bpo, -

The sdditi'oml damping introduced by the inter—cascade connection circuit is
extinguished by amplification of the tube.

The recalculated capacitance comprisss a small part ofACl3, vhich guarantees
stability of the characteristics in the pass-through band when we change the tube.
Eig.lo.

A
-3

SN h O AN OB TR

Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150005-9



Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150005-9

In Fig.10, we give the characteristics of the operating damping of the filter
for N equals 1, 2, 3.

The measured characteristics coincide extremely well with the calculated ones,
Article received by the Editors on March 20, 1953,
FOOTNOTES

1) If the middle frequency wers not situated within the pre-assigned limits,
we would evidently be able to produce the resonator with a somowhat altered fre-
quency megnitude without noticeable changes in the remaining parameters.
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A.M.STRASHKEVICE and A. S. REIZLIN
Q. THE ELECTRCHO-OPTICAL ACTION OF GRID SYSTEMS
(A study is made of the electrono—optical action of & tricde, the study being
of particular interest for calculating and sonstructing cathode-ray tubses.

It is shown that it ia easentially incorrect to proceed from formulas
for the individual grid cell. A more precise version is given for the cus~
tomary formula for the distribution of potential in a flat triode. A study
is made of the relationship between the position of the focus and the electri

cal and geomstrical parameters of the syatam.)

In recent years we have seen the great benefits of applying methods of elec—
t{ronic optics to the construction and calculation of various devices used in
technical electronics. However, literature on tha subject is atill highly undev—
eloped with regard to the question of ihe electrono—optical action-of widely used
grid constructions, which is of special significance in cathode-ray tuves, vacuum
tubes with secondary emission,etc.

Study of only the u3istant® grid field permits us to calculate the device in
terms of the current; to study the focusing action we can no longer restrict

ourselves to exsmining 2ideal® grids, but we must proceed from the potential

distribution while also incorporating the mnear® field of the real grid (termin-—

ology from Bibl.l). .
As we know, the calculation of any multi-electrode tube is essentially the

calculation of & series of equivalent triodes (1). This is valid not only in

relation to the calculation of a device by the current, but also in relation

to the calcoulstion of the electrono—optical action of each grid individually. In

recent times we observe a tendency toward producing flat-electrode tubes (2)

which have & nulbcr of practical advantages owing to the identicsl density of the

electron stream. It is therefors of interest, first of all, to examine the
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electrono-optical action of precisely such a flat triode. (The results can bs
dirsctly transferred to apply to same coylindrieal units).
Eigal

e,

In Flg.1l we show a flat triode whose grid we will regard as consisting of an
infinitely large mumber of parallel wires having round section. If the radius
r of the section is small in comparison with a, d] and d,, then the potential

distribution can be presented in the following form:

G D =Aln——— "} Bd, a4
sin® —.\'+>h’~u-—:
a

where, when d, < d,

A= G0, — Uy o +d) U — Uy
Rk
d.ln ——(d, 4 d;) In

Xy °

X

- X Lt
U, luL—lnﬂ>+U11n—’—U,ln—’
B— Ki_ __Kel . Ko L

K,
dyln 2 (d, + dy) In =2
*y Xo

g L

(d, + dy) (u, n =2 _ ¢, ﬁ) —d, O30 2
—_ 2] Ko Ky
— = ,

dyln 2= _(d, 4 d;) n 22
L Ko

043R00070015000:




.5,.._”. e o s A1

e U= U) +(d + ) (T —U))
A= U) A+ d + )0 U

g :
40 2 (i
L] =

We—Upin 2 4 (U, — Uyt =+
—_ X3 x5

dlo =l (d, + ;) ln >
K3 g

C=U;
vwhere Ul, Ue and Uz are the potentials of the cathode, grid and ancde,

a R = =
Ko=sin> —r, Kk, = sh? =—d,, k,=sh?—d,.
a o a

The potential distribution in the system depicted in Fig.l is usually de—
termined by means of an approached farmla (2):

4zx 21

2(x, Z)=%ln 1+e® —2° cosQ—:{-)+Qz2~=(Z+4x). (2)

a

(where Uy equals 0).

Formulas 1 and 2 satisfy the Laplace squation (it is easily shown that the
variable magnitudes in them coincids), but formula 1 is more accurate since in its
development the values of the coefficiemts are obtained proceeding from the re-

quirement of satisfying the boundary conditions on all elsctirodes with the
degree of exactness necessary for practics,
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1
—

This is iilustrated by the table, in whiehfo signifies ths pre-assigned
potential value on the slsotrodes, and?l and?z the corrssponding potential
valuss csloulated from formulas 1 and 2. As we 8es from the table, the relative
error given by fcrmala 1 on the electrodes is an ordar smaller than that given by
formule 2. In ibe table, the percent of error is indicated for each value of
§, sndPy; the cathode potential Uy equals O, the anude potential U, equals 1;
d) equals dy equals da.

See next page for table.

/
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—_— ,

xX=7r
s=0

— 0,0200 — 0,0200 1,0000
— 0,0200 — 00183 1,0000
00°f) (%) (0.0°/a)

—00188 | — 00326 0,922
(6°/) . (68%) (7.8%0) (7.8/0)

—00200 | —o0200 y 1.0000 1,0000

— 00200 | —00180 1,0000 1,0000
0.0%) (100/) (0.0%0) 009

—0,0177 | — 00340 0,9245 09245
(11.59/0) (700} (7.6% (7.8%)

- 0,0200 --0,0200 1,0000 1,0000

—0,0200 | —00154 1,0000 0,9884
{0.00/0) (23%0) (0.00/g) (12%)

- 00147 | —00522 0,9308 0,5303
(26.5%/0) (161°/) (6.9%) Tla)

-

Proceeding from correlation 1 we can study the electron-optical properties

of the system, assuming that the influsnce of the space chargs nsar the cathode

is in practice insignificant (3) with regard to the trajectory of the electroms.
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In curve 1 of Fig.2 we give ihe relationship of the closing potential er,
caloulated from formuls 1, to d/a (vhere U; equals 0, d3 equals d, equals d). We

dsfine Uyg as the smallest (4n terms of the absolute magnitude) negative grid

potential at which not a single elesiron (vith an initial omorgy of zero) pass
through the system, i.e. the potential at point z equals 0, x squals a/2 will be
equal to zero., Curve 2, calculated from the formula adopted for computing the per-— .
meability of tube grids and giving goed coincidence wit: experimental resulte
(4,5), lies <lose to curve 1, Curve 3, calculated from the inexact formmls 2 whera
dy equals dp equals d, produces a large deviation (up to 100%) from curve 2.

Eig.2. Fig.da

The collecting or dispersing action of the field is determined by the sign

of dzf (f, 5)/dz2. From formula 1 we get:

a? (._"_' ,\ 2 ch’% (3)
e

s \?
1+ sh? —a_)
Feom formula 3 it follows that the field of system Fig.l over its enmtirs

100
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extent, possesses only a collecting or only & dispersing action. (The same
result can obviously be obtained from formula 2). In this resides the principal
distinction (not noted in 1iterature) between the field of such a system and the

fiald of an individual grid cell (Fig.3), which usually has both a collecting
and dispersing region.

For the potential distributionin the field of system Fig.3 with a small-~
diameter wire, we can obtain from the formulas of Bibl. 6:

1—d
T w,—uputs )
2(x, 2)= Ty — In T(x,2)+ Us o )

where

m(x =0 2 d) [ TEED | o TES -_‘).]
' N T I | A TR BB R
T(X,2)= " Ti_o = x(x + ¢ x@s+d))
A =(x —€) =(s+ &) (x [ ___,__}
lch ——QT‘ — cos ’—"21 ch T cos PY]

ch

On axis s we w4ill have:

1—d

2 [ve—vi— W=D

?(O'Z): n7(c—r,—d) :

Us—
+ k3
In Fig.4 we give graphs of dzgf(g , z)/d22 (curve 1) and dzf (o, z)/tiz2 (curve

2); the former is calculated for system Fig.l where d, equals d, equals 30r, 2
equals 10r, and the latter for system Fig.3 where b equals 0, 1 equals 30r, a equals

2¢c equals 10r. Io both cases Uy equals O; U, equals -0.02; U2 equals 1.
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The condition for the Fig.l field collecting action's transition to a dis-

persing action upon increase of U, is obtained from formuls 3. Where:

d, L U,—U, ®

o

d+4d  Us—U,

we have a collecting action, and with the reverse inequality sign we have a dis-
persing action.

For system Fig.l, applying the method deseribed (for ariel-symmetrical fields)
in Bibl.7, and taking into aceount its necessary alteretion for the field of a
cylindrical lens (8), we obtain the focus coordinates 3, given in Figures 5, 6 and
7, for different geomstrical and electrical parameters of the system. The position
of thc foous is of essential practical impcrtance, for example, when calculating
the optimum position of the screen grid in a beem-power tube. In Fig.5, curves
1, 2, 3, 4 and 5 give the relationship of zg to Ug/U2 for d) equals d2 equals
30r, 25r, 20r, 15r and 10r respectively.

In Fig. 5 we glve the relationship betwsen z¢ and dz/n. where “e equals 0.00
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(curve 1) and where U_ = -0.02 Uy (curve 2) for d; =a = 10r. In Fig.7 we show the
relationship between zy and —:— (where d =dy = d2) for potentials of U, = -C.02 Uy

{curve 1), U, = 0.00 (curve 2) and U, = +0.02Up (curve 3). Calculation of all re-

lationships shown in Fig. 5, 6 and 7 was done on the assumption of Uy = 0; a = 10r.

As we can see from the graphs, the lower the grid's potential, the closer the effec—

tive focus moves toward the cathode, and this the faster, the denser the grid.
Comparison of the above results with calculations done by the same method for

a separate grid cell (Fig.3) allows us to make a quantitative estimation of the error

involved when substituting the action of the grid?s field with the action of individ-

ual grid cells. Thus, assuming a = 10r, Ul = 0, U, = -0.0205 for the system Fig.l

where d; = 10r, d, = 30r we get zp = -2.7r; where d =dy = 30r, z¢ = -2.,2r. ZBut for

an individual cell under the same corresponding geometrical parameters, i.e. where

5 =10r, 1 = 20r, a = 2, = 10r, we get g = ~1.3r (counting off zf from the grid),

and where b = 0, 1 = 20r, we get zf = 12.7r.
L

g,

-30,

\

/
-w\

3%

Fig.b ; Fig.7
Whereas, when approximately characterizing the electrono-optical action of the
grid, we can proceed from the field of an individual cell for _‘_:L( 1, the size of
the error becomes inadmissibly large when we deal with larger values of dl

Article received by the Editors on April 16, 1954.
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ON THE 60th BIRTHDAY OF A.L.MINTZ.

The Soviet people note the 60th birthday and 35 years of scientic activity of
corresponding member of the Academy of Sciences USSR, Alexander Lvovich Mintz.

A.L.Mintz devoted his rescarch to many problems in high frequency technology.

His most fruitful activity was carried out in the
field of radiobroadcasting devices. We are all fam-
iliar with the rapid development which this technole-
gical field has undergone in the last three or four
decades. The majority of basic problems arising in
this development road were reflected in the works of
AJL.Mintz, as a researcher, a scientific organizer,
an inventor and a builder.

The outstanding significance of his activity in
the cause of develcping Soviet radio engineering results from the fact that A.L.Mintz
not only recognizes and sets about solving the most urgent problems in radio trans—
mission, but also that with his characteristically broad scientific outlook and ten-
acity he was and is able to organize work toward the most rapid realization of the
newest ideas and projects in advanced radio equipment.

A.L.Mintz was born in Rostov-on-the-Don on January 9, 1895. His independent
scientific activity began while he was still a student in the Physico-Mathematics
faculty of the Moscow University. He directly participated in the Civil War as the
radio division commarder of the lst cavalry.

After the Civil War had ended, one of the major problems of military radio com-
munication was conversion from spark stations to tube stations. A.L.Mintz took an
active part in resolving this problem, working in the radio laboratory of the Higher
Military Communication School, the president of which he became in 1921. Here he
designed the first radio station working on tubes, which the Red Army adopted togeth-
er with the full-scale incorporation of audio frequency a.c.

In 1923, A.L.Mintz became the head of the Scientific Research Institute of
105
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Red Army Communications, which was organized to study matters of military com-
mmnication. Many of his works published from 1923 to 1925 deal with the construc-
tion of army radio stations, their power supply, tomal telegraphy,etc.

Abcut this time, radio telephony and radiobroadcasting became the moet vital
questions in the world of radio transmitting devices. Together with I. G, Klya-
tskin, A, L. Mints develcped a method for calculating gemsrators, based on the
linearization of tube characteristics, and also methods far calculating plate and
grid modulation (1926-1928;. These works were of vital important for that time
since there was a growing need for an engineering approsch to the designing of
transmitters. ’

During the years 1924 to 1926, A. L. Mintz constructed a number of radio—tele-—
phonic and broadcasting transmitters having powers up to 20 Ew and transmitting
regularly. He raised transmission quality to a high level for those days,
thanks to his study and improvement of all the links of the transmitting eiremit.

A, L. Mintz payed great attention to radiotelephonic modulation ecireuits,

His grid modulation design was put to use in all radiobwoadcasting stations em—
ploying grid modulation constructed by us during the 1930's.

In the middle of the 1920's, vhen short-wave radio took on great importance,

A, L. Mintz devoted a great deal of time to this question., Besides consiructing
¢

a series of short-wave message transmitters and a short-wave radiobrosdcasting
transmitter, he orgenized special expeditions for observing and studying shert-
wave propagation. To solve the problem of frequency stabilization he used an
electron tube which acted on the parameters of an oscillatary circuit and in this
way varied its frequency.

In connection with the need to build, relying solely on the young Soviet
industry, & poverful radiobtroadcasting station, the VTsSPS, operating at 75 to
100 Kw, A.L.Mints vas invited to work in industry, where he arganized in the
beginning of 1928 the Bureau of Power Radio Construction. In 1929 the station
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wvas already in operation., Tho successful fulfilment of this task was an important
step in the cause of developing native radio power. It was not mly that this
station was, for its time, the most powerful in Europe; world leadership in the
power of radichrosdcasting transmitters halongod. to our country even in preceding
years, thanks to the work of M, A, Bonch-Bruyevich and A. L, Mints. But in
planning and building this station we note those organisational principles and
that style of work that later assured the rapid developmsnt of Soviet high-power
radio and also the possibility of the rapid construction of unical radio equipment.
The designing of such equipment usually encompasses, in addition to purely radio
skills, an extremely wide lmowledge of engineering questions. Tha incorporation
of previously untested radio systems, often with the application of new vacuum
devices, requires detailed theoretical and expsrimental work. Although the -
action of the new equi pment might have a great effect on other parts of installa-
tions, A. L. Mintz with this characteristic boldness and technical intuitit.).n,

was able, in the very firat stages of work, to pick o;1t such flexible solutions
that he was 513:13 with a minimum of technical risk to carry out designing, plan—
ning, construction and parts ordering all at the same time, despite the fact that
he was faced with many and sometimes highly important unkmowns.

The next great stride in the devel opment of transmitiing devices was the
designing and ccnstruction of the first radiobroadcasting long-wave station,
opsrating at 500 Kw (1931-1933). In this station A. L. Hin‘t-n introduced ths
system of joint block work, later developed into the system of modulator—generator
blocks.

The problems arising in connection with building this station, just as the
more general problems raised by the developmsnt of transmitting devices ir thoss
days, demanded profound studies and designs relating to the questions of generator

mqnnicy 'aubuiutiori, stabilization of the generator's working conditions, the
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electrical and power characteristics of transmitters, the coastruction of
transmitters for different wave bands, antenna devices, power supply, special
materials,etc. To solve this aggregate of problems, A.L.Mints organized a

milti-branch radio iaboratory for transmitiing equipment end later a high-powor

radio plant. Here, beginning with 1930, under his supervisicn were conceived,
designed and constructed a large mumber of powerful radio stations, trunk-line
tranemitters, special radio stations ard powerful radio centers. In this same
institution there asrose a large collective of practical workers and a large number
of highly expert specislista.

While supervising the complex work of this organization, A. L. Mints pub~-
lished a number of works relating to the construction of high-power transmitting
installations, to increasing their efficiency, to dismountable tubes,etc.

The matters of ca.‘:.cu]ating antennas, of selecting the best antenna paramt«ﬁrs for
powerful radio stations, of directive long-wave antennas and rigid short-wave band
antennas (such antennas were used in 1936-1938 at the then most powerful 120-Kw
short—wave radio station), were elucidated in a number of works by A. L. Mintsz,
beginning with 1922, We will not dwell here on his research dealing with radio
peasurements, rapid-action and letter—printing radio telegraphy and other aimilar
fields of radio enginsering.

During the 2nd World War, A. L. tz headed the construction of a super-
powerful radio station. Put into operatieom in 1943, it is to this day the most
powerful in the world.

Aftar this he exerted his errots in new fields of applying high frequency,
that were of importance in developing the very newest fields of modern physics.

A. L. Mintz combined his own ressarch work with pedagogical activity with the
training of young specialists and with social activity. Even at present, together

7 with his basic activity in the Acadexy of Sciences USSR, he takes an active pest

" in the work of the soieniific soveits of a mmber of institutes, in the editorial
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board of "Radio Technology", in the presidium of the A.S.Popov Soclety,etc.

The activity of A, L. Mints has often been rewarded by the government A,L.
In 1950 the presidium of the Academy of

TR Y P e

Mitz is twice a Stalin prise lsureate,

Sciences USSR awarded him the A.S.Popov gold medal,
Wo would like to wish Alexander Lvovieh Mintz many mors yoars of frultful

work devoted to the well-being of our homsland}
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SCIENTIFIC CONFERENCE OM TELEVISION BROADCASTING

In December of 1954, there was held in Leningrad a scientific conference
for excheage of experience in the exploitation of television centers and in the
technology of televislon broadcasting, the conference being organized by the Lenin-—
grad and Ukrainien sections of the All-Union Scientific and Technical A.S.Popov
Society of Radio Engineering and Electrical Communication.

The conference heard and discussed twenty-six reports and a number of infor—
mational announcements devoted to the exploitation & the country's television
centers, color television, problems of television broadcasting, industrial applica-
tions of television, distant television reception and other questions in television
technology.

In a report by the head engineer of the Moscow Television Center (MITs), V.B.
Renard, on the theme "Working Experience of the MTT3", the conference learned that

the reconstruction of the MTTs carried out in 1948 made it possible for them to

[
greatly increase the mumber of their telsvision broadeasts. To do this thoy

increased the number of studios to two, the nmumber of studio channels to five,
the number of movie channels to three and set up a mobils televisicn stationm.

In the process of exploiting the MITs station, they came up against a number of
defects in the television apparatus of the studios: complex structure and cumber-
some layout of the synchrogeneratcr; unsatisfactory inestallation of lighting

equipment; unsuccessful installation of the intermediate amplifier; poor installa-
tion of the iconoscope; etc. All these defects must be carefully studied and
eliminated in the future.

In the reports given by N. N. Sagarda end S. L. Kopansky, "Working Experience
of the Kiev Television Center (KTTs) and *Working Experience of the U-H-F radio
Station of the KTTs", the conference learned of many advantages of u~h-f broad-
casting: high exploitation and quality indices of its antenna~feeder system and
filter system, and also the successful system of line voltage stabilization.
F-TS-8591(V) . 110
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Among the shortcomings of the KTTs radio station are: narrow frequency band
(4.5 Mg); the unsuccessful constructionsl aspecis of the mutual rsservation

blocks and also their poor shielding; the poor installation of the control panels,
and also the layout of knob commmtation.

¥any of tbe reports to the conference were devoted to matters of color tele—

dsion, but they were in genmeral too abstract. The conference noted our slowness
in resolving the problems of color television and pointed out the necessity for
intensifying work in this direction. 1t is interesting to note that the discus-
sion of this question in comnection with the report made by Prof. V. L. Kreitser
at the All-Union Scientific Session of the Society in 1954 also ran short of a
clear solution in the matter of defining a scientific and technical policy toward
the development of color television in the USSR. This shows once again that
these problems are still being paid too little attention, ¢

In the report "Color Television System®" made by Y. G. Minenko, the conference
heard descriptions of three systems: me with color slternation by fields, which
has been given the conditionel name of consscutive color transmission system and
two systems of simultanecus color transmission.

Evaluating the qualities of the consecutive color system, the speaker came
to the conclusion that this system gave little promise. However, this conclusion
was insuf ficiently demonstrated and was met with strong objections on the part of
industry's representatives.

The spesker gave a detailed description of the system of simultaneocus aolor
transmission with quadrature subcarrier modulation situated in the brightness
signal spectrum,

A mesthod for producing quadrature modulation for transmitting several in-

dependent programs where the radic station has a pre-assigned restricted frequency

band was pi'bposad by carresponding member of the Academy of Sciences USSR,

m

s e s o
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A. A. Pistolkors in 1933, In 1939, Prof. E. G. Momot created an experimental
radiobroadcasting transaitter with quadrature modulation capable of simultanecus
t ransmission of iwo programs. Ths guestion is now being debated as to the applica-
bility of quadrature mdulation to coler television with simul tanecus transmission
of the three basic colors. The report gave a fairly detailed account of the
possibility of accomodating three independent television channels. The conferencs
was given the necessary data and descriptions of circuits. When accomodating
television channels in this way, it is possible to realize a color television system
with simulteneous color transmission having gsufficient clarity without it being
pecessary to greatly enlarge the radio station's frequency band.

In the report of V. G. Semyonov, the conference was informed of the basic
features and technical characteristics of the color television receiver "Raduga®.

I. A. Alekseyev, in his report "Modern Picture Tubes for Color Televiaicn®,
pointed out that three types of tubes are of greatest interest: a) .the picture
tube with a white-luminescence screen in conjunction with a rotating disc or

drum having color filters; b) the colar tube with a mosaic scresn and a distri-

butor (shade) lattica; ¢) the picture tube with a ruled screen and control grids.

A detailed deseription of these tubes was given.
The picture tube with & white-luminasscence screen in conjunction with a rotating
dige with light filters should possess elevated screen brighiness to compenssie

light losses in the color filters., The Soviet tube created for this purpose,

the 18LK6B, p a lumine trightness of 30 millistilb at a plate
voltage of 15 Kv and an average ray current of 100 microamperes. The tube is dis~
tinguished by a slightly larger conical part than ordinary ones and by the appli-
cation of screen metallization to raise ite 1light output. The cathode~lumines—
@nt screen is made from a mixture of sulphide luminophors of red, green and blus

luminescence.
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I. K. Malakhov, in a report entitled "Modern Television Transmitter Tubas®,
paid particular attention to the opsrating characteristica of modern tubes

of the type LIZ, LI17, LIi8, LI19 and LI20. He gave detailed deseriptions of

their semsitivity, resolving power, spectral charactertstics, signal interference
ratio and possibilities for use in color image transmission.

Non-linear distortions are particularly noticeabls in iconoscopes with imsge
transfer, in which we obaerve inconstansy of the contrast coefficient within the
1imits of the transmitted range of brightnssses. In tubes with two-sided targets
it is possible to control the light characteristic through careful selection of
the target's working conditioms. The complete possibilities have not yet been
studied for tubes with photoconducting targets in which the form of the light
characteristic can be varied through the choice of the target's mterial.

The fundamental defects in iconoscopes with image transfer are, in the
opinion of the speaker, bound up with the presence of a "black spot”. In tubes
with a two—-sided target, the fundamental defect is contamination of the working
surfaces and irregularity of the signal along the field, Tubes with photo—
conducting targets are free from the latter defeet.

In the discussion, the backwardness of the vacuum tube industry was pointed
out, especislly with regard to the egmall number of tubes put out, their shori-
livedness, the unstable standardization of their characteristics and paremsters,
their high cost and the low clarity of imsges in picture tubes, the limited
nature of receiver-amplifier tubes,etc. A1l this shows that too little attention
is being paid to these matters in our industry.

In the report of G. Z. Besidsky, "The Small Television U-H-F Radio StationF,
the conference heard about a station that might be used in many cities for relsy-

ing television programs and for establishing small television centers in the

regional cities of our country. Until the present, however, these suﬁionu have ﬁot
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been installed and mainly through the famlt of the radio industry, which has mt
put into practice their mass production. This obliges many crganizations to
construct such stations using amsteur methods.

The initiative of Kharkov radlo amatsurs, who built the first Soviet amateur
television center, inspired amateurs in other cities as well, Thus, amateur
television centers were built in Gorky, Tomsk,etc. In a repart given by D. Kxy-
ghanovsky, “The Small Television Center of Gorky", an aceount was given of the
structure, technical data and electrical circuity of the separate blocks. The
operational results and enlargement perspectives of the center were also pointed
out.

The report of A. G. Kondratyev on ®The Industrial Applications of Telovision®
was found unsatisfactory by the conferencs dsspite the importance of the thems.
The report was extremely brief and only the ragions of possible use of television
in industry and agriculture were cited and not the specific results gained by the
speaker in his work under prof. P. V. Shmakev.

We know that television is becoming more and more usefnl im underwalter re-
search, in geological investigations, in planning oil wells, in transmitting X-ray
images, in metallography,stc. At present, the further development of telavision
in industry is being held up mainly by the absence of specialiszed organizations
that might create the necessary equipment,

I. F. Nikolayevsky, in his report "Ways and Means of Suppressing Television
Interference®, informed the conference that after an investigation of television
receivers operating in various parts of Moscow during 1952 and 1953, the follow—
ing distribution of interferences was found to exist: from radio stations —62%;
from medical apparatus — 12%; frm automotive and trolley traffic —— 12%; from
low-power electric motors — 7%; from slectric welding machi nsry — 2%; from the
signal reflection by psssing airplanss — 0.5%; and from other interference
sources (electric bells, elsctric signs.stc) —— 0.5%. A survey was given cf

14
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the frequency characteristics of interferences, the ways in wvhich they penetrate
a television set, the types of image and sound distortion brought about by inter-
ferences, the ways and mesns of eliminating interference, ths experience in
applying anti-interference devices and future possibilities in this field. Sample
anti-interference devices were demonstrated.

In the comments relating to I. F. Nikolayevsky's report it was pointed out
that anti-interference attachments for television sets were being incorporated in
too limited a fashion.

The conference also devoted attention to questions of longrange television
reception., It was pointed ocut that the question of long-range and extra-long~
range reception is being given very little attention at present even triough a
knowledge of long-renge and extra—long-Tange reception might give us additional
information with regard to the theory of radio wave propasgation.

It is evident that the proposed long-renge reception might not assure the

necessary regularity for the dsily use of television sets. However, in a number

of instances, successful reception might be attained. This fact is confirmed by

the reception of KTTs broadcasts in Gomel (225 kilometers), Rommy (210 km),
Kirovograd (248 km), Vinnitsa (195 lm), Rovmo (310 km), Poltava (300 km), Vap-
nyarka (247 km) and at a number of other points (%*).

At a1l the above points, reception is basically made with rhombic antennas
situated several stories high and television sets of the type "Leningrad T-2%
with high-frequency 2-to“jstage amplifiers.

The sound part of the KTTa station is clearly heard in Kharkov, Sumy, Minsk
(390 km) and cther cities. It can be assumed that with the proper measures it
would bs possible for the KTTs picture to be received at some points in these

cities,

Also of interest ere cases of extra-long—distance reception. For instarce, in
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Poltava they received broadcasts from an Italian television center; in Neghina
there is periodic reception from a number of foreign stations. These instances
of extra-long-distance recsption are reported by chance. If we were to organize

regular studies on television reception, we might establishthat certain regular

phenomena exist.

The conference displayed great interest in the talk given by engineer Beno

(Czechoslovakia), He reported the results of candidate of technical sciences,
Mrazek, who recorded repeated inatances of reception from the MITs, LTTs and
other television centers of the world at 40 km from Prague. As a rule, the
field intensity did not depend on the orientation of the receiver dipole, and in
a number of cases broadcasts from the MITs covered up the signal intensity created
by the Prague television station. In their turn, radioc signals from the Pragus
transmitter creates complications in the fjeld intensity from the MITs in
Voronezh, as the conference was subsequently informed by P. Trifonov.

The conference's resclutions polint cut the necessity for designing a more
effective cola television system, improving the exploitation of television
centers, increasing production and improving the quality of vacuum tubes,etc.

It was particularly emphasized that we need a magazine to deal with questions of
television, electronics and related matters. The need was also e xpressed for
holding annual conferences on mpatters of television technology, as well as
specialized conferences on individual television problems,

FOOTNOTE

*In parsntheses are the distances batween the television center and the

reception point.
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~ NEW BOOKS
iI. I. Grodnyev and V. V. Sckolov, nGOAXIAL CABLESY, Svyasz'izdet, M., 1954., 226
pages, 7 rubles 40 kopeks.

The book examines the theory of coaxial cables, the influence of constructional
irregularities on the quality of electric signal transmission, the influences
between separate coaxisl psirs and their shielding, electrical measurements ( par—
ticularly through impulse mpethods), the structure of coaxlisl cables, and also
practicsl question of construction, installation and exploitation of cable lines
containing coaxial pairs. The book is intended for engineering workers involved
in the planning, censtruction and exploitation of cable lines, snd for students

in sdvanced courses at electric communication institutes.

B. V. Bulakov, OSCILLATIONS, Gostekhteoretizdat, M., 1954, 891 pages, 29 rubles
40 kopeks.

The first part of the book contains the fundamentals of matrix and operational
calculus and an rexpositicn & some q{xestions in analytical mechanics that are’
closely bound up with the theory of oscillations.

The second part of the book examines free and forced oscillations of systems
with one degree of freedom, mainly non-linear systems.

The third part examines: internal and forced oscillations of systems with
many degrees of freedom; passive systems; lineer regulated systems; the theory
of linear systems with periedic coefficients; the theory of oscillations of non~

linear systems with many degrees of freedom.

P.V. Sbmakov, FUNDAMENWTALS OF COLOR AND THREE-DIMENSIONAL TELEVISION, Isd.

aSovetskoye radio®, M., 1954, 303 pages, 10 rubles 70 kopeks.

Tb- first part of the book presents an exposition of the physical foundations
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" of color television and of color calculations in color television systems; the

. . author gives a classification of such aysf:ems and the basic principles of their
' construction, as well as a description of tubes for color television.
In the second part, devoted to threé-dimensional (stereoscopic) television,the
_author discusses the necessary conditions for the three-dimensional reproduction of

images, and also systems for realizing three-dimensional reproduction. The con-

cluding chapter is devoted to the question of three—dimensional color television.

A. A. Rizkin, FUNDAMENTALS OF THE THEORY OF AMPLIFYING CIRCUITS, Second Edition,
Tad. "Sovetskoye radio", M., 1954, 439 pages, 12 rubles 50 kopeks.

The first five chapters give the general methods for analyzing amplifying
circuits, and also a survey of selective amplifiers, audio frequency amplifiers
and amplifiers with feedback. The sixth chapter is devoted to wide-band ampli-~
fiers, complex circuits for their correction, and also the internal noises of
amplifiers. Chapters 7 and 8 discuss the operating principles of impulse amplifi-
ers and some circuits. In chapters 9, 10 and 11 the author gives a description of
d.c. amplifiers, power audio amplifiers working under various conditions, and

also tubeless amplifierx —— crystal and magnetic.

S. G. Ginsburg, METHOD OF SOLVING PROBLEMS OF TRANSIENT PROCESSES IN ELECTRICAL
CIRCUITS, izd. "Sovetskoye radio", M., 1954, 252 pages, 7 rubles 90 kopeks.
The book examines various methods for solving problems dealing with transient
processes in linear electrical circuits. The author demonstrates the applica-
“tion of the classical method, the operational method (particularly, the Heaviside
" formulas when connecting into constant and harmonic voltage under zero starting
conditions), superposition integrals and superposition methods. The last chapter
is devoted to the spectral method and its application to the study of transient

processes.
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